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General Ihtroduet ion 



GENERAL INTRODUCTION 

How succeeding generations of a plant species persist 

in natural populations in almost same number in spite of its 

enormous offspring production, pricked to Darwin as far back as 

1859, who questioned, "Look at a plant in the midst of its - • 

range, why does it not double or quadruple its number?" In 

fact a species population has innate potential to increase in 

size geometrically as a result of 'the passion between the 

-sexes' (Malthus, 1793). But-this potential is never realized 

in nature, and often the p€>pulation of a species tends to remain 

constant showing fluctuations around mean value. This indicates 

that certain limitations are imposed by the environment, which 

either reduce the birth rate or enhance the death rate. The 

environmental factors that Osually control the population growth 

and structure irrespective of density are the available 

resources, climatic conditions, population interaction, disease 

etc. Besides, the density-induced regulation of population 

size also occurs. Although attempts have been made to under­

stand and quantify the effect of iensity-dependent and density-
f 

independent ...factors on the population growth of plant species 

(Sukatchev, 1928; Tadaki & Shedei, 1959; Yoda £t al., 1963; 

White & Harper, 1970; Myerscough & Marshall, 1975; Tripathi & 

Gupta, 1980; Clay & Shaw, 1981; Tripathi & Yadav, 1982), the 

exact mechanism of population regulation is yet to be fully 

understood. In fact, under Indian conditions not much work has 

been done on the ecology of populations as a whole. In view of 



this Tripathi & Dwivedi (1978) have stresTO^ the need for 

studying the population ecology of plants of different growth 

habits under varied environmental conditions. 

Studies on the dynamics and regulation of populations 

in nature inevitably involve demographic analysis at regiilar 

time intervals. The demographic analysis of many plant ĵ pecies 

has been done by Professor J.L. Harper and his coworkers 

(Harper & White, 1971; Sarukhan & Harper, 1973; Hawthorn & 

Cavers, 1976; Mack; 1975; Watkinson & Harper, 1978) while the 

behaviovir of plant populations in pure and mixed stands has 

been studied by De'Wit and his groi-p and many other workers 

(e.g. De Wit, 1961; De Wit et al., 1966; Tripathi & Harper, 

1973; Bazzaz & Harper, 1976; Mack & "Harper, J1977; Berendse, 

1979, 1981), The survivorship and dynamics of several peren­

nial grass and herb populations from different geographic 

regions have been studied by a number of workers (e.g. Williams, 

1970; Antonovics, 1972; Sarukhan & Harper, 1973; Hawthorn & 

Cavers, 1976; Johnson & Thomas, 1978; Bishop et al.. 1978; 

Kushwaha jet ̂ . , 1981; Law, 1981; Yadav & Tripathi, 1981; 

Silvertown & Dickie, 1981; Schellner e j ^ . , 1982).and of bien­

nials by Holt (1972) and Klemow & Raynal (1981). Although the 

annuals pose relatively lesser practical problems (Harpar & 

White, 1974), the population studies of annual plant species 

have engaged the attention of very few workers. Mack (1976) 

studied the siirvivorship of Cerastiaa atyovirena and Sharitz & 

Mc CoiĤ dte (1973) studied the peculation dynamics of two 



competing non-weedy annuals and proposed the hypothesis that 

the population regulation in these species is mainly through 

interspecific competition for soil moist\jre. The seed popu­

lation dynamics of winter annual grass Vulpia fascioulata has 

been studied by Watkinson (1978) and natural regulation of 

populations of the same has been described by Watkinson & Harper 

(1978), who emphasized the role of density in regulation of 

populations. Recently Weiss (I98l) studied the population 

dynamics of Emex australis and reported heavy mortality diiring 

seedling stage especially in dense populations. The density 

increase may also reduce the reproductive potential of the 

species populations as reported by several workers (Palmblad, ' 

1968a; Tripathi, 1968; Myerscough & Marshall, 1973; Williams 

& Ij?gber, 1977; Tripathi & Gi^ta, 1980; Clay & Shaw, 1981; 

Trivedi & Tripathi, 1982a; Rai & Tripathi, 1982a). 

Besides self crowding, the growth of associated vegeta­

tion also regulates the population size either throuigh resource 

competition (Harper & Gadic, 1961; Sagar, 1970; Putwain & 

Harper, 1970; Mack & Harper, 1977; Dwivedi & Tripathi, 1980; 

Yadav & Tripathi, 1981) or through production of some toxic 

substances which inhibit the'seed gennination and growth of 

neighbouring plant species (Muller, 1969; Rice, 1974; 1979; 

Friedman et e^., 1977; Hussain & Godoon, 1981; Rai & Tripathi, 

1982b). The allelochemics produced from plants have also been 

reported to regulate the rhizospheric microbial population 

(Singh, 1977; Tripathi et ̂ . , 1981). 



Kulman (1971) laid emphasis on the role of herbivory 

in population regulation and reported that predation fospita: . 

into increased mortality and reduced seed and biomass produce 

tion. Werner (1977̂ )̂ studied the effect of predation by 

Lepidopteron larvae on regulation of teasel population where^ 

Bentley & Whittaker (1979) emphasized the role of grazing by 

Chrysomelid beetle in the distribution of Rumex spp. in nature. 

In the present investigation two ann\ial weeds 

GalinsQga ciliataCRafO Blake and G. pajrvriflora Cav. were selec­

ted for stiadying their detailed demographic analysis with a 

view to identify the factors involved and their relative ^"~ ̂  

importance in the regulation of the population of these weeds. 

The two species of Galinsoga grow abundantly in croplands and 

wastelands of Meghalaya. They are closely related sympatric 

pair of i^ecies with synchronous life cycle. These characters 

make thelie species ecologically interesting. Moreover, popula­

tion ecology of these weeds has not been studied at all. 

The studies on population regulation of these two 

weeds have been made to cover the following aspects: 

i) The demographic analysis of seedling cohorts of the wead 

populations with respect to recrtoitment, mortality and repro­

duction at cropland and wasteland habitats. 

ii) The effect of associated plant species and established 

mature plants of the two weeds on regulation of their seedlii^ 

populations. 



iii) Allelopathic effect of Eupatorium ripariijm Regel on 

population regulation of these two weeds. •-'. 

iv) The effect of factors such as seed sowing density, sowing 

pattern, population density, soil texture and soil moisture and 

nitrogen level on the population regulation of weeds. 

v) The effect of herbivore predation on competitive ability 

and growth of the two species. 

vi) The effect of light intensity and 2,4-D on the weed popu­

lations. _̂ 

The experimental data on various aspects mentioned . 

above have been presented in chapters III to VIII which follow 

'General Introduction*, 'Review of Literature' (Chapter I) and 

'Description of Study Site and Selected Species' (Chapiter II), 

The 'General Introduction' outlines the objectives of the 

thesis while the 'Review of Literatiire' covers the published 

literatui^e to show the present status of the subject. Chapter 

II deals with the soil, vegetation and climate of study site* 

It also includes the distribution and description of the two 

species. Though each chgpter is provided with a separate 

discussion of results, the major findings of the whole thesis 

have been discussed under 'General Discussion' in an integrated 

manner. To avoid repetition, some important references that 

have been included in ' General Introduction' have been omitted 

from the 'Review of Literature'. 

The studies on dynamics and regulation of population 

may prove quite useful in devising effective weed control 



measures, as these studies may reveal the ecological conditions 

that may influence the natality, mortality, survivorship and 

ultimately population growth of these weeds. On the basis of 

data collected on various population parameters, working popu­

lation model can be synthesized through which the reaction of ' 

a particular environmental factor on the peculation behaviour 

of the weed can be predicted. Thus, althoiigh the present study 

is largely of fundamental nature, it has applied value too. 



GHAPT^ I 

Review of Literature 



REVIEW OF LITERATURE 

Despite innate potential to increase the i r numbGrs in 

geometric progression, the organisms do not exhibit xmlimitsd 

population growth. The causes of t h i s are s t i l l obscurei? 

although understanding the mechanism of population size regula­

t ion i s of v i t a l importance to both pure and applied ecologists* 

Solomon (1964) opined that the population regulation i s general­

ly brought about both by density-d^endent and density-indepen­

dent processes while Tripathi & Dwivedi (1978) emphasized the 

need for identifying various factors controlling the populaticwi 

growth and for studying the re la t ive importance of each of these 

factors and the i r interacting influence on plant populations in 

natiire. Such studies are possible only when the demographic 

analysis of individuals r ight from the eeirly seedling stage t i l l 

the senescence i s made. The demographic studies of plant popu­

la t ion made by various workers covering a wide range of species 

have been reviewed by Harper & White (1974), The present 

review i s , therefore, mostly devoted to those papers related to 

the subject that have appeared'after the publication of the 

review of Harper & White (1974). 

Callaghan (1975) pointed out that the growth reproduc­

t ion aftd death of individuals in plant population are affected 

by the tjnvironmental factors (both biot ic and abiotic) v/ithin 

the genetic l imit of the populations. The effect of other 

organisms including the individuals of same species, via 

grazing, predation, competition for limited resouroes and 
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a l le lopa thy , i s a potent fac tor of populat ion regu la t ion . The 

nat i i ral ca lami t ies l i k e sudden change i n t ao^e ra tu re , heavy 

p r e c i p i t a t i o n , f ros t , storms and long spe l l of dry weather also 

cause wide spread des t ruc t ion t o the popula t ions . The death 

caused toy such physical fac to rs has toeen ca l l ed as ' ca tas t roph ic 

death ' toy Warren Wilson (1967). Besides t he se , the manip\ilation 

of populat ions toy human a c t i v i t i e s i s a lso of great s ignif icance 

i n regula t ion of population s ize (Harper, 1960), 

» 

There are two main ways in which the response of plants 

to enviroranental factors may regulate population size: 

i) mortality influencing the numtoer of survivors and 

ii) plasticity causing reduction in size and reproductive 

capacity of individuals, 
i: 
t 

PopiJilation regu la t ion throi^gh mortal response : 

In p l a n t s , the recrui tment of new ind iv idua l s takes 

p lace through the germination of seeds or sprouting of vegetar y 

t i v e propagules, which a f t e r growth and maturation produce 

la rge numtoer of seeds. Despite enormous seed production, many 

p l a n t species maintain t h e i r populat ion s i ze a t a given leve l 

over the years , which i nd i ca t e s t h a t qui te a la rge numtoer of 

seeds f a i l t o produce seed toearing p l a n t s . Sagar (1970) found 

only one out of 17,100 seeds of Papaver rhoeaa and 1,000 seeds 

®^ Sen^glo v id .gy i f succeeds i n producing a seed bearing p l a n t . 

Similar ly , Yadav & Tr ipath i ( l98 l ) a lso found t h a t out of 4 , 6 ^ 

seeds of Eupatoi^um 0(̂ Qr̂ -|nnm only one could produce a f e r t s l ^ 
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plant. This implies that heavy mortality of individuals must 

be taking place at various stages of the life cycle. The seeds 

die and degenerate, the seedlings die and the established adult 

plants also die. 

The seed population in the soil, which regulates the 

regeneration of vegetation (Thompson & Grime, 1979) is influ­

enced by the two processes i.e. seed input to the soil and seed 

t03s from the soil. The seed input to the soil seed pool 

depends upon the seed production by the growing plant populaŝ .. 

tions every year and on the environmental factors which affect 

the number of seeds reaching the soil seed bank, A large frac­

tion of total seeds produced by the vegetation is carried away 

by wind and water to distant places. For example, Yadav & 

Tripathi (1981) observed that more than 87^ of the total seed 

population of Eupatorium odoratum was lost to wind and water. 

Predation and grazing also affect the number of seeds entering 

the seed pool (Sarukhan, 1974; Keeley & Hays, 1976$ Keeley, 1977). 

Although among all plant parts the seed is least suscep­

tible to the rigours of"climate and ottaer unfavourable 

conditions, a very large fraction of soil seed population fails 

to produce seedlings. Sagar (1959) found only 11% of surface 

sown seeds of Plantag;o lanceolata, and less than 3% of the seedfc 

of P. ma.-̂ or as seedling after one year period. A sioallar 

observation was made by JefferkuMi et ail. (l98l) with salt marsfê  

annual Salicornia eiirop.aeA which indicates the death of large 

fraction of the soil seed population. The causes of death of 
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such enormous population of seeds are numerous, A fract.ion of 

seed population may lose viability and degenerate due to 

unfavourable environmental conditions like fluctiiating tentpera-

ture and high humidity, A large number of weedy species studied 

by Roberts (1979) and Roberts & Feast (1972) showed that the 

seeds lose viability rapidly and the seeds of only a few species 

could survive for more than five years. Fiirther, a good percen­

tage of seeds is also induced or enforced into dormaxicy 

(Sanakhan, 1974; Baskin & Baakin, 1975; Gorski jjji,, 1977; 

Mukher.lee et al.. 1980), Besides, the soil microorganisms and 

pests also catise mortality of the seeds in soil (Foster, 1964; 

Sarukhan, 1974) resulting into reductlcm in population size, 

Under favourable conditions a fraction of the soil seed 

population germinates to give rise .to seedlings wh^ch are 

exposed to varied influences of different environmental, factors* 

The newly bom seedlings are usually considered to represient the 

most delicate phase of plants' life, A lot of work has been 

done showing heavy juvenile mortality in seedling populations of 

several plant species (Wllllans, 1970; Hett, 1971; Sarukhan & 

Harper, 1973; Snapflt* & Mc Cormick, 1973; Hett & Louĉ cs, 1976; 

Bnzzaz & Harper, 1976; Mack, 1976; Yadav & Tripathi, 1981; 

Sllvertown & Dickie, 1981; Weiss, 1981; Law, 1981>. Sharitz & 

Mc Cormick (1973) argued that heavy mortality during seedling 

establlstoient is common in colonizing ggpecies which produce 

large number of seeds. Ma£^ (1976) and Wa-Ucinson & Harper 

(1979) have also en^haslzed the occurrence of Type II and III 
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survivorship curve (Deevey, 1947) in species capable of produ­

cing large number tf seeds in contrast to those which produce 

lesser number of seeds and exhibit Type I survivorship curve, 

These studies indicate that the heavy mortality of seedlings In 

such species which produce large number of seeds is a pre­

requisite for an effective regulation of population size, 

The established plants which predominantly respcnd 

through plasticity to various environmental stresses also show 

constant mortality throughout their life and hence exhibit 

Type II survivorship curve (Taimn, 1956; Rabjtnov, 1958; Sagar, 

1959; Poster, 1964; Anttnovics, 1972; Bishop et al,, 1978). 

The studies made by various workers (Langer, 1956; Hobson, 1968; 

Sarukhan & Harper, 1975; Hawthorn & Cavers, 1976; Yadav & 

Tripathii 1981) on several plant species revealed that the plant 

mortality is maximum in the active growing season cf population. 

IHirther, the mortality has been reported to be greater in mono­

cultures than in polyoultures (Tripathi & Harper, 1973; Bach & 

Hruska, 1981). The greater mortality which often occurs duriiig 

period of most rapid growth might be construed as evidence for 

density effects, as the effect of competition for resources are 

likely to be most severe during active growth phase. 

The density-dependent mortality is known in AgrostemmQ 

githago (Harper & Gajic, 1961), Papaver spp, (Haider & 

Mc Naughton, 1962), Spergula Vemalis (Symonides, 1974), 

Mirabills hirsuta (Piatt, 1976); Bromus spp. (Wu & Jain, 1S79) 

and Poa annua (Law, 1981) but this is by n© means geneî aL 
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(Sarukhan & Harper, 1973| Watkinson & Harper, Ĵ SIBi Klemow & 

Raynal, 1981). This indicates that density effect is species-

specific. But the studies of Pemadasa & Lovell (1974) on four 

dune annuals and of Keddy (1980) on Cakile edee^^a revealed 

that the density-dependent mortal response migWt; be changed by 

soil condition and exposure treatments, Keddy (1981) fijrther 

argued that unlike density-dependent mortality, densitywindepen-

dent mortality rate remains constant, 

Antonovics (1972) pointed out that the causes of death 

rates are influenced by the environmental and genetic factors 

and emphasized the importance of the population decay rates in 

the g«n0tib- Hidjustment in a varying and ur5)redictable environ­

ments. On the basis of his observations on Anthoxanthum 

odoratum he argued that during seedling establishment there may 

be selection of chairacters which show differential rates of 

mortality in different phases of the life span of individuals, 

For example, Williams (1970) reported Type III survivorship 

curve in case of Danthonia caespitosa with heaviest mortality 

during young stage in contrast to the observation of Canfield. 

(1957) on three perennial grasses, who fourd Type I siirvivor-

ship curve (i.e. lesser risk of death in young and middle 

period of age and high mortality risk in old age), while Johns<»i 

& Thomas (1978) demonstrated that survival of Hieracium piloâ L̂-

loides followed Type II siirvivorship curve. However, these 

studies also siipport the logic that plant mortality is a pre­

requisite to population regiilation of a species, whether it is 

occurring at seedling stage or at later stage. 
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Population regulation throijgh plastic response : 

In contrast to mortality at high density, plants generally 

respond to moderate density through plastic reduction in size 

and reproductive capacity (Antonovics & Levin, 1980). the 

effect of plant density on populations has been studied by many 

workers (Sukatchev, 1928; Tadaki & Shedei, 1959; Harper & Gajic, 

1961; Harper & Mc Naiighton, 1962; Raynal & Bazzaz, 1975a; Khain 

& Bradshaw, 1976; Tripathi & Yadav, 1982). Yoda et ̂ . (1963) 

established a relationship between the mean dry weight per plant 

and the density of surviving individuals in pure populations of 

several herbaceous plant species and propounded the weUb Known 

-3/2 thinning law, which was later on confirmed by White & 

Harper (1970) in mixture of two similar plant species and by 

Kays & Harper (1974) in grass sward. Bazzaz & HaPper (1976) 

tested the thinning law in mixture of two very different species 

viz., Lepidium sativum and Sinansis alba« Based on the conside­

ration of a given species grown within mixed stand, Kays & 

Harper (1974) and Bazzaz & Harper (1976) suggested that the 

thinning law is not applicable to such cases and, therefore, 

cannot be used as sv5)porting evidence for density effects in 

complex communities, A similar report has been made by Malmberg 

& Smith (1982) in mixed fiopulations of Medicago sativa and 

Trifoliian pratense. Hutchings (1979) assessed the validity of 

the -3/2 power law in nine clonal pereimial herbs, and suggested 

that genets follow the power law in contrast to ramet popula* 

tions which are not necessarily thinned in direct response of 

their growth. Recently, Westoby & Howell (1981) found a change -
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in thinning line from -i to zero in populations of Beta vulgaris 

growing under different light conditions* 

The effect of population density has also been studied 

on plant to plant variation in yield. Stern (1965) reported 

that plant weight distribution in Trifoliian subterraneum was 

closer to the log nonnal at low density oon5)ared to skewed 

distribution at high density. Obeid e| ̂ . (1967) found 

essentially similar behaviour in studies of inter-plant varia­

tion in fiber flax (Linum usitatissimum) population. Koyama & 

Kira (1956) argued that the log normal distribution is the 

outcome of the exponential nature of fundamental growth process 

while skewed distribution or L-shaqped frequency curve is 

resultant of competition which increased the variability of the 

relative growth rate of individuals in popiilation, 

The reduction in plant weight in response to density 

affects the reproductive potential (Harper & White, 1974) 

through reduction in sev^al components of fecundity (i.e* 

number of flowering plants in a pop\alation, nijmber of flowers 

per plant and number of seeds per fruit). For example, the 

decreased fertility in plant populations with increasir-^ density 

has been reported by Harper & Gajic (1961), Marshall & Jain 

(1^5), Myerscbtjgh & Marshall (1973), Thomas & Dale (1975), 

Tripathi & Gijqpta (1980), Tripathi & Yadav (1982) and Rai & 

Tripathi (1982a), and the reduction in per plant capitula or 

propagules by Putwain ̂  ^ . (1968), Palmblad (1968a), tr^mL 



(1968), Williams & Ingber (1977), Wattcinson & Harper (1978), 

Weiss (1978), Tripathi & Gupta (1980), Baikham (1980), Law 

(1981), Clay & Shaw (I98l), Tripathi & Yadav (1982) and Waite 

& Hutchings (1982). The change in number of seeds per fruit, 

although \jncommon, has been observed by Palmblad (1968a) and 

Myerscough & Marshall (l973) in response to density stress. 

These studies highlight the gradual and stage-wise reduction in 

seed production which ultimately regulates the size of popula­

tion. 

Although the reproductive cheo'acters (fecundity) have 

been reported to respond to density, the relation between the 

response of the characters and density is variable (Obeid et al.. 

1967; Krebs, 1971; Harper, 1977). However, Primack (1978), 

based on his observation on seed production by Pl^antago corono-

pus. >;o«sBCluded that all the components of fecundity are equally 

important in regulating the seed production in stressed environ­

ment* » 

Like frequency distribution of biomass. Clay & Shaw 

(1981) reported a skewness in frequency distribution of^flowers 

per plant with increasing density of Diamorpha ffm^?--?^4^ in 

natural conditions. /She trend of increeused skewness with densi-

ty *!eported by than is in agreement with the observation of 

Obeid jgt ̂ , (1967) on Linum uaitatiaalmum grown at three densi­

ty levels, who reported relatively greater skewness of cqpjAile 

as coinpared to that of biomass. This is primarily due to nsmf 

linear relationship between plant weight said reproduction, 

file:///jncommon
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Holliday C196O) and Donald (1963) have shown that, whereas 

individual plant weight may exactly compensate for increasing 

density (to give constant final yield) reproductive output may 

over ccMopensate the density increase i.e. the ratio of repro­

ductive to total yield may fall at high densities. 

Snell & Biarch (1975) observed 3-fold reduction in '• 

reproductive effort of Chamaecvse hirta due to density stress. 

^^ Cyperus rotundus. under low density conditions ttsim dry 

weight was partitioned into tubers. However, imder high densi­

ty conditions more dry weight was partition^ into tubers 

rather than inflorescences (Williamset al.. 1977). HaLler & 

Abrahamson (1977) observed in Frag aria vireiniana that increased 

con5)etition among high density grown plants resulted in lower 

total biomass when compared to low density grown plants while 

the allocation to biomass in reproductive orgaois (both seed and 

vegetative) was higher in low density grown plants. Similar 

observation has been made by Waite & Hutchings (1982) with 

Plantago coronopus. where 3-fold increase in density resulted 

into reduction in reproductive allocation from 47% to 31/̂ . 

These studies depict the density-dependent regulation of popula­

tion size. 

Harper, (1961, 1967), on the basis of hLs wojrtc on Bromus 

riigĵ diia and ̂ ^ madritensis generalized that plant species adcJust 

seed number in response to density stress in such a mamier t^t 

seed number per unit strea is constant over a wide range 6t "' 

densities. Palmblad (1958b) observed that the seed production 
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per ind iv idua l of apnaclo svlvat lous ind S* viscosua increased 

with the decrease i n sever i ty of competition; In cont ras t t o 

t h i s , the reproductive a l l oca t i on i n d e t a i n p lan t species has 

been observed t o increase with increasiilg harsh condit ions 

(Gadgil & Solbr ig , 1972; Whigham, 1974; Hlckmani 1975). 

According t o Hickman (1973) seed oul^ut per un i t area does not 

remain constant over a wide range of d e n s i t i e s ^ and t h a t 

average p l an t weight and seed output per plewt can be predic ted 

from p lan t dens i ty . Conversely, t t i ^ e are r epo r t s Ind ica t ing 

t h a t t he a l l oca t ion of resources t o reproductive s t r uc tu r e s 

reiMdns unaffecljed by densi ty s t r e s s (Harper & C^den, 1970; 

Ogd^i, 191^1 Bradbury & H^Xstra, 1976; Abraliaiiwm & Hershey, 

1977J R a y a a , 19?9| Thcimpm<m & S e a t t l e , 198tj Tripafcfal & Yadav, 

1 9 ^ ) » ' 

Smsh e r r a t i c e f fec t s of pdi^ulatlim dens i ty an var ious 

p l a n t species wmy be ^eplvined <»i Ithe b a s i s of "ecological 

e f fec t ive disrtaecice* (Antcgiovlcs Si Levin, 1980)« which def ines 

tile l imi t ing or t h r e s ^ l d distai»># a t ^risLeh nelgiibour ef fect 

ceases* Clay & Shaw ( 1 ^ 1 ) , based on fSie ca l cu la t ion of ecolo­

g i c a l effetstlve dist)«ac^ tmr severs l i ^ f d e s ussier a v a r i e t y of 

enviroseaat s^i^ggi^sted ttsat i t stioeoljii wA iNI coaisldered fixed; 

these vatlues w i l l ra t l ier vagary frim 4xm s p ^ ^ e s t o j»iother depen­

ding on ei^lroiaQental f l i ictuaticms srad t^ie i0lB^ ot l i f e c y c l e . 

tDhis a l so pr^^ildes a dws for xtDd^Tst^mdlja^ l^a a^i^Lfying 

influa^ice of n u t r i e n t s t a t i c of ^ase s o i l mt dtii8it9>*<«Lepend«nt 

rea^cmse of Piaaaver %p« (Harper & Ho H^Rig^ton* fSI62^« i&ime 
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annuals (Pemadasa & Lovell , 1974), Eumatorium spp. (Tr ipa th i & 

Yadav, 1982) and Plantago major (Trivedi & Tr ipa th i , 1982a).. 

In con t ras t to the a t t en t i on given t o the importance of 

density-dependent fac tors i n detennining the f a t e of es tabl ished 

p l a n t s , the s tud ies per ta in ing t o the effect of seed density 

upon germination are few eeaA far between* B4ilard (1958) and 

Palmblad (1968a) reported both p o s i t i v e and negat ive response 

t o sowing dens i ty among c e r t a i n weedy ^ e c i e s . Based on h i s 

own t e s t s of 11 speciejS and of 11 other species reported i n the 

l i t e r a t i J r e , Ldnhart (1976) argued t h a t pos i t i ve density-depen­

dent re^caise* appear t o be characteif is t ics of species of 

closed hab i t a t s while neu t ra l or negative respfisases occurred i n 

weedy speei*6s of open h a h i t a t s . y?Wsd.te^^J^il;0^ags (19*1^) 

reported t h a t germination soad s a l i n i t y to lerance of Plantaao 

coroncajxiis seeds are enhanced when aered^ were sown i n clucks* 

The extent of the pos i t i ve dens i ty -d^endoa t response, and the 

optimim clup^ s i ze for maximym germination were found t o be 

dependent on s a l i n i t y leve l and nature of aubs t r a t e , Ldnhart 

(1976) Bv^ested t h a t the pos i t i ve germtnalslon response t o 

d i a l i n g of seeds maor be e i t h e r due t o p l ^ t i o l o g i c a l fac tors 

(poss ib ly through production of c e r t a i n ch^Baicals) and/or due 

t o combined force of several simultaneously growing r a d i c l e s 

t h a t may help them emerge, 

Worieing with dune anntials, Symonides (197B) found a 

n e u t r a l response of seed germination t o densi ty while Inouye 

(1980) found a s t r o i ^ negative response to dens i ty of seeds I n 
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desert annuals of Arizona. Recently, Rai & Tripathi (1982a) 

have also reported a negative response to density of seeds in 

two species of Galinsoga. which indicates as to how the seed 

sowing density exert itself as a feed back mechanism of popula­

tion regulation. 

Population regulation through density-independent process : 

Besides 'density-dependent' regulation, the populations 

are also regulated in a big way by physical factors of environ­

ment particularly at seedling emergence and seedling establish­

ment stages. This may be e3q)lained applying the concept of 

'safe site' (i.e. locations ideal for germination and establish­

ment) as developed by Harper et ̂ . (1965). Thus, the nimber of 

such sites may have strong regulatory effect on the size of 

seedling population and this effect will be more and more severe 

with increase in density of seeds €ind seedlings, as the number 

of sites is not infinite. Initially with an increase in number 

of seeds in a habitat, the chances of a seed finding a safe-site 

is increased but later when all the sites are exhausted any 

further increase in density may not contribute at all to the 

seedling population \mtil more sites a^e made available, 

The physical factors which create a variety of microsites 

are soil fertility, soil textiore, soil aoistiore and light inten­

sity, The plant populations also respond to these factors 

through mortality and plasticity. Sukatchev (1928) in WatglcaMa 

^m^oH> ^^el & Rozma (1974) in Chaaaeaerion animstif o l i ^ and 

file:///mtil
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Nobel jii g^i, (1979) in Qar ;̂̂  arenaria found inoreased mortality 

a t fe r t i l i zed so i l , in contrast to the observation of 

Myersoough & Marshall (1975) on ApAbid&A'̂ tĵ  . thaliana and of 

Trivedi ajid t r ipa th i (1982a) on S o e r ^ a arvenais and Plantaito 

myior* Similarly, the p las t i c increase i n reproductive allocar 

t ion a t high f e r t i l i t y level has been observed by Snell & Burch 

(1975) in ^ ^ a ^ ^ v a e h i r t a and by Tripathi & Yadav (1982) in 

ExJBa t̂î ium a|^«, M ĥil® 1^ Senecio vulg^ria (Harper & C%den, 

1970) aiKi i n S* q¥lii«^.ci^ (Jtodel & Vejpa, 1977) r^)#oductive 

al location hsMS be@n reported to be indep@^€ffit of nut r iea t 

stat\M» 

In drought haibitats, Tazdtei (l9SQ)t Fet^rk^i (1966), 

Cavers & Harper (1967), Friedman & Orshan (l975),.SeiX Ei-lxin 

& Oteeid (1971), Mil©# (1972) and tfegar ^ j ^ . (1979> found a 

heavy seedling morta|i.ty in vario\:s plant species, w*iich s i | ^ 

nlti^9 the importance of so i l moisture in popiiLation regttlerticaa* 

Trivedi & Tripathi (t982b) also r ^ o r t e d a drast ic redtKrtion in 

seed output by ao€^c«iftla.. arvyisis in mcktsture stressed ooadi-

tions* ft3^y o^erved, be t te r growth of t h i s weed in s s ^ y soiX 

than in O I ^ M : ^ * ^ #Qil» Wat^ins^a (1982) observed th«t drou^i^ 

during flowering ^^mse of Vulsi^ fi^ioMl..^sa redhK êd seed 

se t t ing and r€^s:^t^ in to a laarked ^ensitSfHkeii^gatlwitt rBdsacMxm 

i n f ecuiadity, Voilcing on the relationship between 4JLstrk\3*aMm, 

of three X^^j^m- jf^^^ies wa& e^viro^aae^tal fis»;to2̂ &, Fo@lds (197S) 

reported t̂ fep̂  soiM. a#is ture i s a l i a i t i i ^ fae^ior i n MMriMmt" 

t ion ef ^g|;^^^^y: |fp,yaq. ix̂ . the grass^watK of the MJim, Cook 

( t ^ l > st^ldi.ed the^ t ^ e of edaiplxie. faet^^: aai ooiqp^eiiMim i.iL 
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t h e regula t ion of peculat ion of Eschaotielzia c a l i f o m i c a . 

Palmblad (1968a) observed the ef fect of seed sowing dens i ty , 

s o i l surface; f e r t i l i z e r and moistiire on the populat ion beha­

v iour of many weedy species i n f i e l d and glasshouse condi t ions . 

He suggested t h a t the se l f - con t ro l l ed germination, morta l i ty 

and p l a s t i c i t y may contr ibute to the population regula t ion of 

weedy species which produce more seeds per t init a rea than 

required for t h e i r maintenance. SharitE & Mc Connick (1975) 

s tudied the populat ion dynamics of Sedum sBsallii and Minuartia 

unifljors^ i n f i e ld and control led condit ions of Georgia and 

proposed the hypothesis t h a t the populat ion regu la t ion of these 

species i s mainly through i n t e r s p e c i f i c competition for s o i l 

mois ture . They fur ther observed t h a t ab io t i c f ac to r s tarkded t o 

cause reduction i n growth of the indiv iduals while i n t e r spec i f i n 

competition favoured mortaJlity of the ind iv idua ls* 

Fattersoaa (1980) studied the p a r t i t i o n i n g of p lan t b i o -

mass i n eogon-grass (Imner^-^ cyl indr ica) from shaded and 

exposed h a b i t a t s and found t h a t the al locajy^n t o reproductive 

a c t i v i t i e s was l ease r imder shaded ccoiditions. A s imi lar 

observation was made by Gulmon & Chu ( l ^ l ) with the Chaparral 

shrub* D i n l ^ ^ a ^ymat^qBUS^. These s-t^xii^ h ig ta igh t the ro l e 

of l i g h t i n pecula t ion regu la t ion , ,) 

The Imm^ temperature of enviroia^nt haus «ilso b e ^ 

considered to be ef fec t ive i n populaticHi r egu la t i on . For exfrn" 

p i e , Spaonides (1974) foua3, a mor ta l i ty peak i n pure popu l s^oa 

of SsejPifv^ v e m a l ^ s i n duBjaes of fmkm^ d«e t o f i tost . Yadav 
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& Tripathi (1981) reported a severe mortality diiring winter for 

both seedlings, as well as adult populations of Etipatorium 

odoratum. } While working on population dynamics of Erigeron 

canadensis - a successional winter annual in Illinois, Regehr 

& Bazzaz (1979) reported 16 to 86̂ 6 plant mortality due to frost 

heaving. Recently, Pearson & Shah (1981) observed a signifi­

cant reduction in seed production by Pasoalum dilatatan grown 

under low temperature condition, 

Effect of associated plant species; The associated vegetation 

and established plant population exercise great regulatory 

influence on the population of newly recruited individijials 

either through resource coiopetition and/or through production 

of some toxic substances (allelochemics). Tripathi & DwitSedi 

Cl97a) suggested that the fundamental niche of a species may be 

restricted to a smaller hyper volume due to interference 

caused by the presence of associated species. Relatively poor 

seedling establishment in established KODomiaiities (Tamm, 1956; 

Cavers & Harper, 1967; Putwain & Harper, 1970; Singh, 1980) also 

confirms the above statement. Sagar & Helper (1961) and 

Dwivedi & Tripathi (1980) found that among the associated 

species, grasses exeroise greater regulatuir influence as 

compared to dicots. Sagar (1970) r^orted a better vegetative 

and reproductive growth of Plantago lanceolata when the asso­

ciated vegetation was removed, Simileurly, Raynal & Bazzaz 

(1975b) found an increased seed o\itput by three summer exstax^ja 

in plots from where the winter annuals were removed. Cronin 

(1976) reported that after removal of tall lark^-^ur (Delohiaitp 
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barb^yi) the forb dominated communitiei were converted into 

grass dominated ccnnmunities. 

While studying the competitive effect of Zygophŷ t̂ ĵ um 

di^agijg plants on seedlings of ^ I f f i^ i^ l | |S£ | |g |^ :^ , Fri«diaan 

(1971) reported that the seedling growth was considerably 

suppressed înd the suppression became severe as the distance 

between i^tture plsunt md seedlings decreased. A similar conclu­

sion has been drawn by Macdc & Harper (1977) and Yadav & Tripathi 

(1982) in other plant species. Gupta & Tripathi (1979) reported 

tha t when Bothrioehlata pertusa was introduced to already 

esttbliahed population 0$ Dichanthi^ IM&Sto» ^"^ showed 

substantial reduction in yield and complete suppression in repro* 

ductive growth. Yadav & Tripathi ( l98l) also reported that whan 

E. odoratum seedlings were ei ther grown with i t s own adult , 

p lants or with other associated species, i t showed poor vegeta* 

t i ve and reproductive growth. Andel & Rozana (1974) also 

observed suppressed growth of seedlings Of Chi^e i^^r i^ JGyiSyUl£lc. 

foli\jp- grown with the associated species and at t r ibuted the 

growth iii^pression to a keen competition for water bwtwe^a 

associated vegetation and seedling papulation where the former 

happens to u t i l i z e the available re«<iMroes more effectively, 

Relatively greater survival epd bet ter '0QviM^^ earl^ 

emerging cohorts of Ranunc^us spp. |Saif^iSiap & HaJ^^eî  " t ^ l ^ 

g|^1^aa^o fpp, (Hawthorn & Cavers, 1976), R i§y spp. (W<u'Hwp% 

Gavers, 1979) aiftd ^ e x ^uatrfilis (%fe|^s, 1981) 1^*n the la te 

emerging ^iies mig^t be construed a&( i^dezu^e for t ^ effects tti 
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established plant species in population regulation, Ross & 

Harper (1972) suggested that the late emerging individual has 

to face relatively severe competition to occupy biological 

space as compared to that emerged earlier. Ford (1975) and 

Harper (1977) have also emphasized the significant*of emergence 

time in seedling fitness. 

Besides resource competition from associated species, 

the production of some allelochemicals also regulates the size 

of neighbouring plant species (Rovira, 1969? WhittaKer & Feeny, 

1971). Many studies reviewed by Rice (1974, 1979) reveal that 

allelopathy is a potent factor in determining the pattern and 

process of vegetation. Working on the grassland vegetation of 

California, Bell & Muller (1973), Hull & Muller.(l977) and 

Parker & Muller (1979) respectively reported the dominance of 

Brassica nigra. Stina pulchra and Pholistoma autitum over other 

plant species through their allelopathic effects. Christensen 

& Muller (1975) reported the.^jdominance of Adenostoma 

fasciculatum in Chaparral vegetation, which suppressed the seed 

germination and seedling siirvival of the neighbouring plant 

species through allelopathy. 

Friedman ̂  al, (1977) reported that volatile and water 

soluble substances from-Artemisia herba-alba strongly inhibited 

the seed germination of several annuals which showed feeble 

infestation in close vicinity of the former in NegeV desert of 

Israel. Similarly, Trip at hi ̂  Ĵ,. (I98l) found that Tr^ 
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rep ens was absent from the close vicinity of Euoatorium adeno-

phorum and they suggested that this may be due partly to the 

allelochemics production by E, adenophorum^ Rai & Tripathi 

(1982b) observed that the allelochemics produced by E« riparium 

not only reduced the seed germination and seedling growth, but 

also delayed the germination of several weedy species which in 

turn might be able to put newly bom seedlings in disadvanta­

geous position, especially in stress situations. Putnam & Duke 

(1974) and Lockerman and .Putnam (1979) ai5)hasized the role of 

allelopathy exhibited by cucumber, in biological suppression of 

weed population. 

Werner (1975) reported that in the field where a near 

monoculture of quack grass had left 10 - 15 cm litter layer, the 

few seedlings that were produced (20% of total seeds) died with­

out reproducing while in all other fields germination was 

relatively high. )Werner'&. Caswell '(>$7T^taiso stated that grnss 

litter and the presence of other dicotyledonous species, and 

the overall primary productivity of the rest of the coramunity 

are in^ortant factors detennining the success or failure of an 

attempted colonization by teasel (Dipsacua svlvestris). Recenrfcly 

a similar report has been made by Sydes & Grime (1981), v/hieh 

showed a negative correlation between the total shoot biomass of 

ground flora and the amount of leaf litter of several troe 

species. 

Working on the allelopathy of British grasses, Newqaan % 

Rovlra (1975) observed that out of eight gr/gigĵ es tested: byi*Klft 
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four exhibited a u t o - a l l e l o p a t h y - a mechanism of se l f regula t ion 

of populat ion, A s imi lar behaviour of Blue gramma and Western 

wheat grass has been reported by Bokhari (1978)« 

Allelochemics produced by t h e p l an t s also regula te the 

populat ion s ize of rhizospheric microflora (Singh, 1977; 

Tr ipa th i ^ ^ , , 1981), Such a change i n microbial population 

might modify var ious s t ruc t i i ra l and functional att ipibutes of 

t h e s o i l system. For example, Rice (1974, 1977) and Lodhi 

(1978) observed i n h i b i t i o n of n i t r i f i c a t i o n i n grassland and 

f o r e s t community respec t ive ly due t o presence of a l le lochemics . 

These changes i n s o i l system may be expected t o r e s u l t i n to 

poor g^o r̂rt;h of p l a n t s growing on such h a b i t a t s . Recently, 

Kaminsky (1981) has been able to show t h a t the a l l e lopa th i c 

p o t e n t i a l of Adaiostoma fasciculatum i s of microbial o r ig in . 

Based on the experimental r e s u l t s , he suggested t h a t the ro le 

of Adenostoma i n the suppression of herb growth may l i e i n i.t^ 

a ssoc ia t ion with s o i l microbes t h a t produce and re lease sub­

s tances capable of i n h i b i t i n g the germination and growth of 

p l a n t s . 

Effect of herbivQjres and pathogens : Herbivores and pathogens 

inf luence p lan t d i s t r i b u t i o n (Huff?iker, 1964; Harper, 1977), 

community s t ruc ture (Harper, 1969) and population growth. In 

genera l , herbivore predat ion reduces the seed and biomass pro­

duct ion and increases the leve l of mor ta l i ty (Jameson, 19^1 

Kulman, 1971). While working with a b ienn ia l p lan t species 
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Dipsacus sylvestgis* Werner (1977;) observed a reduced seed out­

put from the plants infested by Lepidopteron larvae of muctuid 

moth (Papajpema cateahracta) which feed on the stem pith of 

teasel. Batra (1979) observed the association of 122 species 

of insects with Galinsoga ciliata^ and G. Barviflora plants as 

phytophages or pollinators in Maryland and Guatemala. Based on 

his visual observation on predation, he suggested that some of 

these insects, showing preference foi? capltula and seeds, could 

be used as biological controlling agwxt of these weeds. Borchert 

and Jain (1978) reported the seed predation of annual grasses by 

rodents in grassland of California whil# Brown j ^ a^. (1979) 

emphasized the role of granivory in desfTt ecosystem, Woikijig 

on the diverse community of winter annuls ia the Sonoran 

desert, Inouye ̂  ^ , (1980) observed that rodents and ant grar 

nivores predated the seeds so much that seedling population 

density was rediuoed by 9-fold. 

Rftxjsher & Feeny (l980) observed tl^t the pipevine swal­

low-tail b'jtterfly Battus philenor. consuies 45|» of the annual 

leaf crop of its primary host plant Ari8ti^o|hia reticulata. 

They also found that such a devastating effect on foliage-

feeding by leurvae resulted into greater trnftaXliiy and decreased 

growth rate which in tvm reduced the seej| out̂ îit. A similar 

reductitm in biomass production and plaixt survlvai of RLgaex 

crispxts in response to grazing by chrysomepxl beetle, 

Gastropj^vaa viri<feila. has been reported by Whittaker (1982) 

which higfeligh-ts the role of herblrv̂ ory in re^ua.ation of a 
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species pcpiolation, Collins & Aitken (1970) in Trifolium 

subterranean and Dirzo & Harper (1980) in Cacsella bursa-

pastoris observed a substantial delay in the onset of reproduc­

tion consequent on defoliation caused by slugs. They also 

reported a great reduction in seed and biomass production of 

these plant species due to predation. 

The developing and predispersed seed presents an espe­

cially nutritious food surface for insects and predation of 

these seeds is extensive. Piatt £i ̂ . (197̂ )̂ investigated the 

level of predispersed seed predation of Astragalus cafiadensi^ 

by c\jl?ailionid beetle larvae and reported that about 37?̂  of the 

pods were attacked in high density arrays vs. 61% in low density 

arrays. A similar reduction was found for predispersal sqviirrel 

predation on ponderosa pine (Larson & Schubert, 1979) and 

Lepidcpteronlarvae predation on li^ines (Br^idlove & Ehrlich, 

1972), which depicts the role of predation in regulation of 

their population size. Working on the shrubby vegetation of 

California, Louda (1982) reported that the fortnightly ^plica­

tion of insecticide during flowering and fruiting reduced the 

loss of fruits caused by tephritid fly, microlepidopteran motbia 

and chalcidoid wasps from 9^% to 41%, thus indicating the role 

of predators in influencing seed mortality during production. 

Pathogens have also a devastating effect on naturkl 

ecosystems. Newhook & Podger (1972) reported that the patfeî en 

Phytoptfaora cinnanfoni kills plants in 444 species in 131 geneua 
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of 48 families and has devastated complex forest woodland and 

heath communities on more than 100,000 hectares in Western 

Australia. The occurrence of disease like damping-off in 

Lepidium sativum (Burden & Chilvers, 1975) and stem rot in 

Eupatorium odoratum (Yadav & Tripathi, 1981) has been reported 

to contribute to the regulation of their population size in 

nature. Regehr & Bazzaz (1979) observed that at maturity, 809̂  

of Erigeron canadensis individuals in field populations of 

Illinois exhibited aaswpteniffi of aster yellows, a mycoplasma 

disease transmitted by the aster leaf hopper (Macrosteles 

fascifronsl. As a result, seed production was reduced by 539̂  

causing reduction in population size, A similar reduction in 

growth of Chondrilla .iuncea consequent on infection by Puccinia 

chondrillina has been reported by Biordon et al. (1981) which 

reduces the competitive ability, distribution and abundance of 

the former in fields of south-eastern Australia. 

It is apparent that both 'density-dependent' and 

'density-independent' pDocesses hamper the potentiality of 

plants %o increase their numbers geometrically. In spite of 

this, the populations of many plant species especially the weeds, 

get widely distributed within a short span of time. Since the 

weeds compete with the crop plants for vsui'ious requirements, the 

attempt is made to remove them from o\ir croplands in order to 

get optimum yield (Tripathi, 1977). To achieve this end, several 

weed control practices are adoptfed. Amongst these, the ̂ e of 

various herbicides and weedicides have proved quite siKJcessful 
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in controlling the weeds. The two weeds selected for the study, 

Galinsoga ciliata and G. oarviflora. grow abundantly both in the 

cropfields and wastelands of Meghalaya at higher altitudes. An 

atten^t has been made to assess the effect of 2,4-D, the most 

widely used herbicide for controlling the broad-leaved weeds, on 

the populations of these two weeds. 

The herbicidal sprays have a definite impact on the popu­

lation dynamics of weed flora. For example. Baker (1972) found 

that use of hoimone-type herbicides resiilts into elimination of 

annuals and subsequent growth of perennial weeds. Doviglas (1965) 

has also observed a more vigorous growth of Ciraium arvense 

through vegetative means following a paur-aquot spray that elimi­

nated its potential competitors. Hanson (1962) reported the 

transformation- of a predominantly broad-leaved weed flora of 

sugarcane fields of Hawaii into rhizomatous and stoloniferous 

vegetation due to herbicidal spray. These imply that herbicide 

activity is species specific and so, before application of 

herbicide the proper selection is most important. 

ICeamey (1977) highlighted the importance of environmen­

tal fa«tors in influencing the persistence amd mobility of herbi­

cides. Helling et ̂ . (1971) observed the poor effect of herfaî  

cide mixture on plants growing at moist habitats, whereas Loos 

(1969) reported the lesser effects of 2,4-D cai plants grown at 

microbe-rich soil. Similarly, Blackman .Jki Robert-Cuiillfghaatte 

(1955) fmd King (1974) reported the better absorption of 2,4*D 

by plants under bright sunlight and at high temperature. 
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Mc Ilrath & Ergle (1952) studied the effect of 2,4-̂ D on 

different stages of development of cotton plant and reported 

that seedling stage is most susceptible for 2,A-D activity. A 

similar conclusion has been drawn by Klin^nan (1953) who studied 

the effect of different concentrations of 2,4-D on wheat plant, 

These studies indicate that the herbicide is most effective in 

weed control when it is applied at seedling stage. 

The review of literature reveals that the size of a 

species population is determined by a number of environmental 
* 

factors which interact among themselves in a complex manner 

causing fluctuation in size of a population through change in 

death and birth rates of individuals. 

Review of work dc»ie on the Galinsog^ S^* 
• 1 — ^ 1 . — I ' l . Ill Ml I I I I H i l l I1I.I , 1 , 1 . 1 " — « . — ^ n w i m w i i -

The two species of Galinai^^a were recogni^gtd by 

de Candolle i n 1836, He separated G. pa^rvlflora i n to two 

v a r i e t i e s i -Ms g»-^^!^rviflora var , h ispida i s the present day 

£• S^i^S^* ^^afinesqtie described i t as a new genus and species , 

^ v e n t i n a cii^JLata.in same year, from specimens he found growijjg 

i n the Bartram Garden of Phi lade lphia . Bicknell (1916) a f t e r 

examining co l lec t ion from Natucket Islaaad, Masst r a i sed 

^« p a r v i f l o r a va r . h isp ida to speci f ic rank and renamed the 

taxcai G. 4 r i s t u l a t a . Six year l a t e r , Blake (1922) rediscovered 

Raf inesque 'a .publ icat ion and placed B i c k n e l l ' s G# ^i,^-^^^!^.^^;^ I n 

synonymy with G, c i l i a t a . 
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Both species are prolific seeder often producing se:veral 

thousand seeds per plant* Usami (1975) studied the autoecology 

of G. parviflora from mulberry fields of Japan and reported that 

this rapidly growing plant species flowers continuously one 

month after germination until frost. He also calculated the 

seed production by a single individual and reported that in 

Japan each plant may bear 13,400 capitula yielding 400,000 seeds 

during its life span. He also observed 3-4 generations of these 

two species in a single year, Ivany & Sweet (1973) studied the 

behaviour of seeds in G. ciliata and reported that the seeds do 

not require dormancy and can spread 1.51 km. in 2 years by wind. 

Salisbury (1942) reported the seed polymorphism in G. parviflor*a 

and argued thit the ray achenes which constitute ZQ^ of total 

seed population are larger, flat and devoid of pappus while disc 

achenes are smaller and crowned with pappus. Recently, Rai & 

Tripathi (1982c) studied the food reserves of these two seed 

morphs and reported a significant difference in protein and 

carbohydrate contents of the seeds. They also found higher 

energy content in the ray achenes as compared to the disc . 

achenes. The ray achenes also showed better germination from 

different sowing depths and the seedlings from *hese grew better 

under nutrient deficient conditions. They (Rai & Tripathi, 

1982c) attributed these differential response of the two achenes 

to differences in seed reserves and considered it of great 

adaptive significance. 

The cytological studies in the two species was made 1^ 

Haskell & Marks (1952) in Great Britain and by Chatterjee & 
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Sharma (1968) i n Ind ia . They reported t h a t G. c i l i a t a i s a 

t e t r a p l o i d vdth chrcanosone number 2n « 32 whereas the other 

species i s d ip lo id with 16 chromosomes* Recently, Gopinathan 

& Babu (1982) s tudied the cytogenet ics of G. p a r v i f l o r a and 

G. c i l i a t a and t h e i r na tu ra l hybr ids . They recognized foior 

popula t ions; ( i ) G. c i l i a t a - a segmental a l l o t e t r a p l o i d 2n » 32 

( i i ) Gjt. pa rv i f lo ra - a d iploid 2n « 16 ( i i i ) Tr ip lo id na tu ra l 

hybrid between jg. pa rv i f lo ra and G. c i l i a t a 3n = 24, and ( iv) 

P u t a t i v e in t rog res san t between G, pa rv i f l o r a and the na tura l 

t r i p l o i d hybrid 2n » 16. They a l so studied the populat ion size 

and abundance i n Delhi and reported t h a t pqf)ulation ( i i i ) 

always occurs i h smaller s ize and away from the other popula­

t ions* Khongl̂ BH (1982) reported the presence of accessory 

chromosomes ( i . e . BwO^osmsomQ) i n the two spec ies . 

Shontz & Shontz (1970) s tudied the a r r i v a l and spread of 

£• Qi3i-ata i n nor th-eas te rn United S t a t e s and l a t e r they (Shontz 

& Shontz, 1972a) recognized two ecological races formed over a 

r e l a t i v e l y shor t per iod of time i n pop^^iticms growing i n ' 

Western Massachusetts . Of 1|hese, one populat ion grows during 

summer (outdoor population) while t he otiier ©rows a l l through 

t h e year (indoor pecu la t ion ) . Morphologtc*^ eacaiBination 

revealed t h a t p l a n t s of the outdoor populat ion were t a l l e r and 

t h e i r seeds were laurger than p l a n t s of t h e other pQpulati(»u 

Seedlings of the indoor population grow s l i ^ t l y b e t t e r l a shacbe 

as compared t o t h e outdoor popula t ion . Slugs sfeowei prd&i^esatoft 

fo r outdoor p l a n t s . The seeds produced fro« the«« p<^uijatiifcii t^^i: 
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also showed specificity for temperature during germination. 

Seedis ttom the indoor population were more susceptible to 

temperature alteration as compared to seeds from the outdoor 

population. They (Shontz & Shontz, 1972b) also studied the 

nutriettt ecotypes of ̂ . ciliata and found that one population 

showed i&ore specificity for nutrient as compared to the other, 

and in nutrient-stressed situation the latter become dominant 

over the former, 

The studies on the herbicidal control of these two 

weeds was made by Ivany & Sweet (1973) vrtio argued that the 

herbicidal control of GaUnsog^ is difficult, although it can 

be controlled by pre-emergence application of a herbicide, and 

post-emergence treatmeht with ammonium nitrate (Stilwell & 

Sweet (1975), 

Plekhanova ̂  ^ . (1977) reported that £, 

conteiins triterpene* saponins, tannins, flavoaoids and glyco­

sides while G, ciliata yoimg leaves have a peculiar pungent 

odour, resaabling to cedar wood oil. Thwalso r^orted that 

these contents in the two species of Galina<3«a may influence 

the composition of the phytophagous insect end other predators 

fauna attacking them, Batra (1979) studied the insects asso­

ciated with these two species in Maryland aaid Guatemala and 

reported 122 species of insects and one mite as phytophages ot* 

pollinators* They have also indicated that some of these 

insects may be used as biological controlling amenta for the 

two weeds* 
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Besides being a severe weed • of low growing crops, 

S» P̂ L̂Tviflora has been reported to be an alternate host of 

several nematodes (Vinduska, 1967) and primary host of viruses 

causing tobacco mosaic and cucumber mosaic diseases (!iambac;& 

Mitchell (ijnpublished), quoted in Holm e1̂  ̂ , ,1977) and of 

spotted wilt (Sakimura, 1937). It is also reported as host of 

fungus Ascochyta phaceolorum (Alcorn, 1968).^ 



CHAPTER II 

Description of the study site and selected species 
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STUDY SITE 

The study sites (cropland and wasteland) are situated 

in Shillong (Latitude 25*'34'N, Longitude gi^SS'S; altitude 

1500 m), the capital of Meghalaya state in India. The wa8t#* 

land site is situated on the campus of the School of Life 

Sciences, North-Eastern Hill University, while the cropland 

site is located on the other adjacent hillock where maize and 

potato were grown during the last three years. 

Pot experiments were conducted on the campus of the y 

School of Life Sciences, North-Eastern Hill University, at 

Nongthymmai^ Shillong, under glass-house and net-4iouse condi­

tions* 

Climate; 

The south-west monsoons and north-east winter winds 

influence the climate of Shillor^, -The average rainfall and 

temperature data sure given in Fig. 2.1. The climate is quite 

wet (annual rainfall being 2500-3000 mm). The months from May 

to Sept©nber represent wet season, altbor:̂ h occasional showers 

are received during November to Matrch as well. June and JiAy 

are the wettest months. The year can be divided into four 

seasons: (i) Spring (March to April) (ii) Summer (May to Septem­

ber) (ili) Autumn (October to Novomber) (iv) Winter (December 

to February). The spring season is characterized by gradual 

increase in temperature over the preceding winter months 
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accompanied "by occasional showers. With further increase in 

temperatute the spring gives way to the summer which is 

characterized "by strong winds (up to May) and abundant rainfall. 

With thef retreat of monsoons, the season changes and fall in 

tan^jeatto^t' heralds the advent of autumn. Autumn is cool 

followed by winter season lasting from December to February* 

This period is characterized by low temperature, negligible ̂  

rains and short photoperiods. Clear winter days are usually 

followed by frost in the night. 

Soil; 

The Shillong plateau embracing the Garo, Khasi and 

Jaintia Hills of Meghalaya is made up largely of pre-cambrian 

rocks acutely folded aaii steeply dipping* with an overturned 

fringe of Mesozoic and Tertiary sediments., The rock distribu­

tion in the plateau reveals that the core of plateau is an 

ancient mass oT gneiss much intruded by a coarse granite 

(Pascoe, 1950). Sandstones, limestones and conglomerates with 

subordinate clays simper-imposed over these rocks also occur in 

the Shillong plateau (Zimba, 1977). Physical and chemical 

properties of the top 10 cm soil are shown in Table 2.1. 

TaasturaL analysis revealed that the soil is silty loam. 

V&getatioh; 

The vegetation of Shillong is characterized by preponde­

rance of evergreen tree species, the commonest of which is 
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Table 2.V. Physical and chemical p rope r t i e s of s o i l on the 
wasteland and cropland s i t e s (values + S.E. 
represent the mean of f ive samples). 

Property Wasteland Cropland Calculated 

't' 
P o r o s i t y (%) 1 9 . 8 + 1 . 0 6 3 9 . 0 + 1 . 3 8 ,81* 

Sand (96) 4 9 . 2 + 1 . 6 7 5 9 . 2 + 2 . 0 1 8,02* 

S i l t (96) 3 3 . 0 + 1 , 0 4 2 5 . 6 + 1 . 2 7.20* 

Clay (96) 1 7 . 8 + 1 , 0 1 5 . 2 + 0 . 3 6 3.11 

pH 4,98+ 0 .12 5,33+ 0,10 1.66 

Cat ion-exchange c a p a c i t y 9.92+ 1,06 16,3 + 1,90 5.90* 
( m , e , p e r 100 g) "" "" 

Organic m a t t e r (96) 3 , 2 + 0 . 2 2 5.82^^0^56.5 . 4 . 9 4 * 

* Diffej^jencea s i g n i f i c a n t a t p = 0 , 0 1 , 
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Pinus k^esjya* Besidesj grasslands are a lso oommon# The two 

weed species selected for the study, Ga^nsoaa o i l i a t a and 

5» Parvif^lOra (P la te 2 i l ) , grow with maiiBe i n the h i l l y agro-

ecosystems of Meghalaya (P la t e 2,2)» They are also associated 

with Bupatoriiaa riparium and several grass speoies of dis turbed 

wastelands (P la te 2.5)* The ooitaion assoc ia tes of these weeds 

alongwith t h e i r densi ty values are l i s t e d i n Table 2.2* 

SELECTED SPECIES 

The two species se lected for the present study are 

Qalinsofi^a c i l i a t a (Raf.) Blake and G. payvlf lora Cav., the 

sympatrio amiual herbs of family Asteraceae* The h is tory of 

these species can be t r aced back to 1856 when de Candollfe foiand 

S* ParviflQJfft* and separated i t i n to two v a r i e t i e s . His 

2 . parv i f l o r a Var; hiaoida i s the present day G» c i l i a t a accor-* 

ding t o Blake (1922). 

i:)paqr4p1}4s l̂t ffi^„,.1?^e, iP^Q4.̂ ,g» (P la te 2.1) 

£ • c i l i a t a} ' 

I t i s an e rec t somewhat f lacc id , simple or aq^aringly breuiched 

annual herb, 15-70 cm t a l l ; stems widely biranched I n the <jg?por 

p a r t , often decimbent below with simple and glandular ha i r s i n 

p len ty ; leaves evate or e l l i p t i c oblong with a oian^ate base , 

acute or r a the r aooufidnate, th ick ly hai ry ; Flower heads terminal 

or a x i l l a r y coaibined i n t o a terminal , leafy corymbiform panic le ; 

P©du»fele short and gland hairy; Ray flowers 5 , with white, 
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PLATE 2-1 



PLATE 2.2 



Plate 2.3: A close up view of wasteland vegetation 

showing growth of Galinsoga spp. and their 

associates. 
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Table 2,2: List of associates of Galinsoga spp. in cropland 

and disturbed wasteland habitats with their 

density values (data based on 10 quadrats, each 
2 

of 1 m area). 

Plant species 

Arundinella khaseana Nees 

Carex cruciata Nees 

Cyperus rotundus LinA,, 

Drymeria cordata Willd. 

Eupatprium riparium Regel 

Eurya .iapoalca !Pfaunb. 

Galinsoga ciliata (Raf.) Blake 

G, parviflora Cav. 

Hypochiaeris radicata Linn, 

Oxalis oorymbosa DC 

Panicum indicum Linn, 

Paspalum dilatatum Poir 

Potentila mooniana Wight 

Pouzolzia hirta Hassk, 

Polygonum chinense Linn. 

Richardia scabra Linn. 

Zea may,s Linn* 

Density 

Wasteland 

18.6 

16.5 

12.3 

6.6 

19.5 

3.2 

32.5 

14.3 

12.0 

3.0 

1.5 

4.6 

3T7 

-

1.3 

-

— 

Cropland 

-

-

15-6 

-

-

-

61.5 

32.8 

-

6.8 

-

-

»« 

4.6 

7.0 

5.2 

7.0 

- = indicates species absesaê * 
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3-dentate hairy long l i g u l e s ; coro l la of disc flowers yellow 

hairy and long; Achenes black, hairy, t u rb ina te with 16-20 

pappus sca l e s , c i l i a t e pa les long, f imbriate and acute . 

The species i s often confused with G. oarv i f lora but 

i t i s ea s i ly recognizable by awn-tipped pappus sca les , longer 

l i gu l e s of ray flowers, e n t i r e pales and densely glandular 

hairy stems and peduncles. 

G, parv i f lo ra t 

I t i s an e rec t slender, sof t often branched annual herb, 2O-100 

cm t a l l j - stem e i the r with minute ha i r s or smooth; Root i s 

shallow and f ibrous; leaves opposite , simple, th ree prominent 

nerves with wedge-shaped (cuneate) base and taper ing b lunt or 

pointed apex; Pe t io l e long; Flower head small; The ray flowers 

white, f ive i n number, 3-lobed b rac t s of two s e r i e s , membranous; 

F ru i t (achene) black, angled or the other ones f l a t widening 

upward, pappus of numerous p e r s i s t e n t s c a l e s . 

The d is t inguish ing c h a r a c t e r i t i c s of t h i s weed are the 

usual ly f ive , small, white, outer ray f l o r e t s ;=uad the yellow 

cen t r a l d isc f l o r e t s , p lus the absence of a pappus on the seeds 

of the ray f l o r e t s . 

D i s t r ibu t ion and hab i ta t : 

The genujg Galinsoga comprising 14 species (Cannie, 1977) i s 

na t ive to the mountains of̂  t r o p i c a l America but has now been 
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spread throughout much of the world, including tropical lowland 

aouth and central America. The two species (i.e. G, ciliata 

and G. parviflora) are reported from India (Babu, 1969), China 

(Chi-chu et al., 1975), J apan (Usami, 1976), Java (Martin & 

Ruberte, 1975), Australia (Herbert, 1939), Europe (Lascotobep, 

1964), Finland (Kaantonen, 1976) and Canada (Frankton & 

Mulligan, 1970), Holm et al. (1977) reported that the plant of 

G, parviflora grows from about 54<»N latitude to 40*3 as a weed 

of 32 crops of 38 countries. However, in hilly regions of India 

it grows as a subordinate species together with dominant 

G. ciliata (Babu, 1977). 

Both species, besides being the weeds of ruderal 

habitats, occur as cropweeds in agro-ecosystems at high alti­

tudes. In New York, both species are severe problems in low 

growing vegetable crops that do not shade the soil surface, 

such as cole and salad crops (Ivany & Sweet, 1973). Theyrank 

33rd among the 50 most important weeds in horticultural crops 

in the entire United States, and are common in the fields with 

vegetables and small friiiiibs in the north-east (Danielson ̂ t al., 

1965; Jansen et al., 1972). 

The plants of the two weeds grow best in moist 

conditions and can become very abundant \jnder irrigation or 

year round rainfall in the tropics. Although these species are 

weeds of the early growing season, the plant is very sijeceptible 

to fro«t Injury and are often the first to succumb in the fall 

(Holm et al., 1977). 

file:///jnder


CHî TER I I I 

Population dynamics of different seedtng cohorts 
of G, c i l i a t a and G. parviflora at two contrasting 
s i t e s 
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INTRODUCTION 

Any study on population dynamics involves the quanti­

fication of the birth, death, iirjaiigration and emigration rates 

of a species population, and it also seeks to explain the 

changes in time and space that occur in these parameters. The 

population dynamics of several perennial grasses and herbs has 

been studied by Williams (1970), Antonovics (1972), Sarukhan & 

Harper (1973), Hawthorn & Cavers (1976), Bishop et ̂ . (1978), 

Yadav & Tripathi (l98l) and Law (l98l) and of biennials by Holt 

(1972) and Klemow & Raynal (1981). However, the population 

dynamics of annual plant species are least known although they 

pose relatively lesser practical problems (Harper & White, 

197^). Some of the works done on anniials are those by Sharitz 

& Mc Cormick (1973) who studied the population dynamics of 

Sedum smallii and Minuartia \miflora, and by Watkinson & Harper 

(1978) on Vulpia fasciculata. Recently, Weiss (I98l) studied 

the population dynamics of Emex australis* 

The cropland and wasteland habitats where the two weeds, 

G« ciliata and G. parviflora. grow abundantly differ markedly 

from each other in respect of several ecological factors (Table 

2.1), Due to lack of dormancy in seeds (Ivany & Sweet, 1973) 

and with short life cycle, the seedling cohorts of the two weeds 

keep on appearing in nature at difficent time intervals subject 

to favourable temperat\ire and moisture conditions (Usami, 1976), 

The analysis of sxirvival of different cohorts of a species 
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population developing at different times seems to be essentia^ 

for complete understanding of the population behavioxxr of the 

species. The present study, therefore, aims at analysing the 

population behaviour of different seedling cohorts of these 

two weeds as related to habitat conditions. 

MATERIALS AND METHODS 

2 
For demographic studies, six permanent 0.25 m quadrats 

2 
were r«mdomly laid in 2.5 x 9 m area, chosen subjectively to 

give an almost similar density of plants in each quadrat on 

both wasteland and cropland sites. The seedling emergence, 

siiTvivorship and reproductive growth of the two species popxila-

tions were stiodied in the permanent quadrats from April 1980 

to December 1981. Both species have three seedling cohorts 

appearing in different months. These cohorts (described as 

cohorts I, II and III) were marked in late April, mid May and 

Mid August in 1980 and mid March, mid i^ril. anfl Oate July irL 

A9pi.:*ith the help of waterproof British paint of different 

colours. Each seedling was marked with a dot of paint on the 

tip of its first leaf. The fate of the seedling cohorts was 

followed at fortnightly intervals from emergence until death 

and the time taken from emergence to 50)6 survivorship was 

calculated as half life. The density fit the associates of 

Galinsoga present in the permanent quadtats on the two sites 

was recorded (Table 3.l), which showed nine-fold increase in 

density from April 1980 to 1981, which in turn intercepted 20% 
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Table 3 . 1 : Major assoc ia tes of Galinsoga spp. and t h e i r densi ty 
per 0.25 m (•S.E.) observed i n the permanent quadrats 
In April 1980 and April 1981. 

Plant species 1 9 8 0 1 9 8 1 
Wasteland' Cropiand' WaSteldiid Cropland 

Ageratum conyzoides - 0,31P»3 - 8.3i1»2 

Carex c ruc ia ta 

Cyperus rotundus 

Oxalls l a t i f o l i a 

JO, corymbosa 

Panicum indicum 

Palygonm chinense 

Pquzolzia h i r t a 

Richardia scabra 

Rumex nepalensis 

Se ta r i a palmifol ia 

Trifo3ilum rep ens 

Triumfetta rhomboidea _ - - 3.3+.0,6 

Zea mays - 2.0+0 -

Galinsoga spp. 437.^^39- '500.3+17 307.0+23 252.0+38 

1.0+0 

1.310.6 

2.0+0 

1.0^0 

1.0+0 

1.310.3 

-

-

-

2.0+0 

4.3+0.3 

-

1.310. 

-

i.pio 

-

1.310. 

0 .310. 

1.310. 

-

-

— 

.3 

.6 

.3 

,3 

1.010 

LCHO 

2.6+0. 

1.610. 

1.0+0 

2.910 
-

-

1.0+0 

2 .0*1. 

3.310. 

.3 

3 

2 

3 

— 

13.310.3 

•? 

3.62.0.6 

7.311.6 

4.0+0 

6.qil,2 

5.310.8 

13.610.3 

4,010 

-

- = i n d i c a t e s species absence, 
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of total sionlightit on the cropland site. 

Number of fertile plants per unit area, number of seeds 

per plant and percentage contribution of each cohort to the 

total seed output were also estimated* In each yeaiĵ at the 

time of maturity, 10 to 18 plants from each of the three cohorts 

of both species were collected from the areas adjacent to the 

permanent quadrats and were brought to the laboratory to esti­

mate the seed output and dry matter production. The number of 

seeds produced by a plant was estimated by multiplying the mean 

number of capitula per plant by the number of seeds per capitu-

lum. The biomass was estimated after drying the plant material 

in a hot air oven at 60**C for 48 h. The seed weight per g 

bioAass i.e. crude reproductive effort (CRE, Harper & Ogden, 

1970) was calculated for each cohort of either species. 

In order to investigate the seed source that gave rise 

to the III cohort which appesured about 3 months after the 

II cohort, soil seed population of Galini^oga spp. was estimated 

at bimonthly intervals from February 1981 to December 1981. 

Both species were considered together because it was impossible 

to distinguish the seeds of two species recovered from soil as 

they are of similar morphology. The soil seed population was 

estimated by taking five 10 x 10 x 5 cm soil samples from areas 

adjacent to the permanent quadrats on the two sites. ThQ soil 

was air dried and seeds of Galinsoga spp. were sorted out with 

hand and counted. The sorting of any given lot was done twice 

to ensure accuracy in seed recovery. 
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RESULTS 

Life cycle attributes! 

Seeds of Galinsoga germinate in March and April (spring) 

when the temperatiore rises and the first rains are received. In 

1980, three germination flushes (in April, May and August) were 

observed on both the sites, thus giving three distinct seedling 

cohorts. The plants from the I and II cohorts developed to 

flowering and seeded in June/July. A fraction of these seeds 

gave rise to the III cohort of seedlings in August 1980, which 

is evident from the loss of a large fraction of original seed 

bank in soil before the emergence of the III cohort (Table 3.2). 

Table 3.2J Galinsoga seed population (+ S.E.) per 0,25m of 
soil in wasteland and cropland situation diiring 
1981 (both species considered together), 

Ql-^Q Observation dates 

3 Feb. 4 Apr. 2 Jun. 1 Aug. 12 Cot*. 3 Dec. 

Wasteland 1095^98.4 302^18 26+6.7 483+26.3 1 1 5 ^ 6 . . 1 2 ^ ^ 5 9 

Cropland 2438+215 715+20.2 12+3.1 312+39 996+102 915+92 

The I I I cohort completed i t s l i f e cycle i n November. No seed­

l i n g emergence and p lan t survival of Galinsoga spp. was noticed 

i n the quadrats during January and February due t o severe cold. 

In 1981 as well , the same cycle was repeated except the time of 

seed germination which was preponed by one month due to r e l a ­

t i v e l y higher r a i n f a l l received during March and Apr i l . 
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Seedling emergence: 

In the cotyledonary stage, since it was difficult to 

distingiaish the seedlings of the two weeds, their seedlings 

were coimted together until the first leaf stage. Later on, 

the seedlings of the two species were counted separately. On 

both cropland and wasteland sites, the first seedling cohorts 

which appeared in April 1980 and March 1981 were quite large 

while the II and III seedling cohorts were smaller (Table 3.3). 

Like seedling emergence, the total density of Galinsoga also 

remained fairly high on the cropland site compared with waste­

land dioring first year of study but the reverse trend was 

observed in the following year (Fig. 3.1). The pattem.4>f 

seedling emergence differed little in 1980 and 1981 but the 

number of seedlings emerged in 1980 was greater than in 1981 on 

both the sites (Table 3.3). 

Survivorship of seedling cohorts; 

On both the sites, the cohorts emerging in 1980 shoxved 

longer half life and survived better than those emerging in 

1981 (Table 3.3). On the cropland site, half life of the 

I cohort was c.2.5 times longer than that on the wasteland site 

in 1980. In 1981, the I and II seedling cohorts had longer 

life span than the III cohort, while in preceding year there 

was little difference in half life of the cohorts emerging at 

different times. 
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Table 3.3: Density and half-life (ĵ S.E.) of seedling cohorts of 

Galinsog;a spp, emerging at different times in 

permanent quadrats (both species considered together). 

S i t e Date cohort was 
f i r s t observed 

No. of seedl ings / Hal f - l i fe 
0,25 m2 (weeks) 

Wasteland 

Cropland 

26 April 1980 

18 May 1980 

20 Augiist 1980 

10 March 1981 

20 April 1981 

12 July 1981 

28 April 1980 

19 May 1980 

22 August 1980 

18 March 1981 

20 April 1981 

27 July 1981 

437.6 

39.3 

128.6 

405.3 

155.0 

110.6 

500.3 

137.6 

201.0 

335.0 

106.0 

81.3 

+ 

+ 

+ ' 

+ ' 

+ 

+ 

+ 

î  

+ 

T 

+. 

+ 

39 

2 .6 

17.9 

18,8 

7.8 

9 .3 

17 

31.8 

27.4 

21.6 

15.9 

7.5 

3.1 

3.1 

3 .5 

2 .9 

2 .2 

1.6 

7.9 

3 .0 

3 .0 

2 .0 

2 .0 

1.4 
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The cohorts of both species marked in i^ril 1960 in 

wasteland experienced greater mortality than in cropland 

(Fig, 3.2 &. 3.3). In wasteland, out of 132 and 92 established 

plants of G. ciliata and G, parviflora respectively only 52 

and 18 plants siirvived and produced seeds while in cropland 

the proportion of surviving and reproducing population was 

higher. On the contrayy* in 1981 relatively greater survival 

and reproductive growth was observed on wasteland (Fig. 3.2 & 

3.3j Table 3.4 & 3.5). 

Although the II cohorts of both weeds were smaller, 

they showed relatively poor survival as compared to the I 

cohorts (Fig, 3,2 & 3.3). In 1981, no plant from the ll cohort 

of _G. parviflora survived up to flowering stage in both waste-

1-and and cropland while in the cropland in 1980 only 8% of the 

plants survived -op to flowering (Table 5»5). 

The III seedling cohorts of the two species differed 

from the earlier cohorts in respect of siorvival and reproduc­

tion, The III cohort of G. ciliata showed heavier mortality \ 

than the earlier cohorts especially on cropland site where all̂  

the plants recruited in 1981 died before flowering (Fig, 3.2, 

Table 3.4), Conversely, the III seedling cohort of 

G, parviflora^ survived and reproduced better as compared to II 

cohort especially in the wasteland where all the plants from 

the II cohort died in juvenile phase (Fig. 3.3). However, the 

I cohort did better as compared to the III cohort on both the 
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Table 3.4i': Reproductive behaviour of the three seedling cohorts 

of S« ciliata emerging at different times in wasteland 

Site and 
growing 
year 

Wastela.nd 
1980 

1981 

Cropland 
1980 

1981 

and cropland. (+S,E.). 

Seedling 
cohort 

I 

II 

III 

I 

II 

III 

I 

II 

III 

I 

II 

III 

Number of 
flowering 
plantsDper 

52.0+2.8'^* 

1,0+0.0^ 

3.qto.5^ 

62.0+4.0^ 

3.0+0.5^ 

1.0+0.5® 

100.0+4.6^ 

2.0+0.0® 

3.0+1.3^ 

40.0+3.4^ 

2.0+0.6® 

O.q+0.0^ 

Nijmber of 
seeds per 
plant 

56.8+2.8*^ 

60.0+3.4^ 

16.2+1.6*^ 

66.0+2.6° 

59.8+3.3^ 

35.0+2.3^ 

101.7+8.3® 

113^0+4.6^ 

22.4+3.2^ 

102.2+7.8® 

94.5+6.6® 

O.CĤ O.Ô  

Crude reproduc­
tive effort 

(CRE) 

17.711.6^ 

20.0+2.0^ 

10.^2.3° 

19.311.2^ 

22.8+1.6^ 

14.6+1.3'^ 

20.0+1.6*^ 

22.6+2.3^ 

11.5+0.6° 

21.8+2.7^ 

22.6+2.3^ 

O.Ot+O.Ô  

* Means in each column followed by the same 

letter are not significantly different 

(P>0.05). 
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Table 3.5s 

S i t e and 
growing 
y e a r 

Wasteland 
1980 

1981 

Cropland 
1980 

1981 

Reproduct ive behaviour of 
of G, p a r v i f l o r a emerging 
was te land and cropland (+; 

Seed l ing 
coho r t 

I 

I I 

I I I 

I 

I I 

I I I 

I 

I I 

I I I 

I 

I I 

I I I 

Number of 
f lower ing 
p l a n t pe r 

0 .25 m2 

18.CH;0.8^'^ 

0 .0+0 .0^ 

3.6+0.6® 

14,0+2.5° 

O.q+0.0^ 

2 .0+0.6^ 

52 .0+2 .3^ 

1.0+0.6^ 

3.3+1.1® 

7.0+2,4^ 

O.CH;0.oS 

o.q+o.os 

t h e t h r e e set 
a t d i f f e r e n t 

3 . E . ) . 

Number of 
seeds per 
p l a n t 

152,0+6.8^ 

o.q^o.o^ 
90.CH-7.3^ 

135.0+6.2® 

0 .0+0.0^ 

88 .0+6 .2^ 

221.0+14.8° 

164.0+ 6.7"^ 

154.qt ^ . 9 

59.0+ 6.2® 

0.0+ 0 ,0^ 

0.0+ 0 .0^ 

id l i ng cohor t s 
t imes i n 

Grcftte': r e p r o ­
d u c t i v e 
e f f o r t (CRE) 

14.6+1.6'^ 

O.q+0,0^ 

9 .6+1 ,3° 

13.6+1.6^ 

0 . ( > 0 . 0 ^ 

8 .3^1 .3° 

15.0+2.3"^ 

11.7j :1.3^ 

10.5J:1.5^ 

11.2+1.6^ 

8:0+0,0^ 

o.q+^o.o^ 

* Means in each column followed by the same 

letter are not significantly different 

(P>0.05). 
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sites. In cropland, the III cohort of G. oarviflora survived 

better with 13% of the individuals reproducing in 1980 but in 

the following year, the survival was nilt, 

In general, both weeds exhibited almost similar survival 

pattern with greater mortality risk diiring seedling establish­

ment and senescent phase. However, G. cill̂ ata experienced 

lesser mortality than G. oarviflora on both the sites before 

senescence (Fig, 3,2 & 3.3). 

Reproductive behaviour; 

In both species the number of fertile plants declined 

from the first to second year except in case of the I and II 

cohorts of G. ciliata on the wasteland (Table 3.4). The 

decrease was, however, more pronounced in G. pa^iflora (Table 

3.5). In cropland relatively more fertile plants were observed 

in 1980, but in 1981 the fertility of the two weeds was greater 

on the wasteland. In 1980, per plant seed output and ORE ox 

both weeds were relatively greater in cropland than in waste-

leind, but in the following year the reverse trend was observed 

in G, oarviflora. In case of G, oarviflora seed output and 

CRE decreased from 1980 to 1981 while in G. ciliata t-.he values 

showed little differences (Table 3.4 & 3,5). The maximijm CRE 

was exhibited by the II cohort in G, ciliata and by I cohort in 

G. oarviflora* The I cohort of both species contributed maximum 

to the total seed output (Table 3.6). 
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Table 3.6i Percentage contribution of the different cohorts to 

the total seed output per unit area of G. ciliata 

and G. parviflora in wasteland and cropland. 

Site and growing 
year 

G. ciliata 

I II III 

_G. parviflora 

I II III 

Wasteland 
1980 

1981 

Cropland 
1980 

1981 

96.5 

95.0 

97.2 

95.6 

d2J) 

4 .2 

2 .2 

4 .4 

1.5 

0 .8 

0 .6 

0 .0 

89.4 0.0 10.6 

91.5 0.0 8.5 

94.5 1.3 4,2 

100.-0 0.0 0,0 
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DISCUSSION 

The population density of both Galinsoga spp. was 

highest in spring, due to large flush of germination and seed­

ling emergence. The density either remained constant or 

declined in the first year of study as the mortality of the 

spring cohort was either equal or greater than the rate at 

which new seedlings emerged later. In the following year, the 

II cohort also exhibited comparatively high density although it 

was smaller than the I cohort (Table 3.3). The II cohort was 

smaller in size, due to depletion of seed bank in soil (Table 

3.2) after the germination of most seeds in spring. By July-** 

August in both years, the over-all density increased once again 

(Fig. 3.1) as the seeds produced by the I and II cohorts gave 

rise to the seedlings of III cohort. Later on, as the winter 

approached in December, the density declined drastically and 

reached to zero whicih indicates the role of lower temperature 

in influencing the populations of the two weeds. The lower 

temperature during winter, besides causing plant death also 

checked the seed germination in spite of large seed bank in the 

soil.- Similar response to cold has been observed by Raynal & 

Bazzaz (1975b) in some other annuals, 

The change in density was also influenced by biotic 

factors which affected both the rate of emergence and mortality. 

The seedling cohorts emerging in 1981 were smaller than those 

in 1980 especially in the cropland (Table 3.3). In ^pite of 

fairly high seed population in soil, the seed germination was 
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poor on cropland site in 1981, which may be attributed to an 

increased density of the associates, ^his is in agreement with 

the findings of Tgmm (1956) and Singh (1980) who observed poor 

recruitment and establishment of seedlings in established 

comm\anities. 

The greater mortality risk in both weeds during juvenile 

phase is in conformity with the findings of Sharitz & Mc Cormick 

(1973) who concluded that high mortality during seedling 

establishment is common in colonizing species which showed high 

reproductive potential. Mack (1976) and Watkinson & Harper 

(1978) have emphasized the occurrence of Type II and Type III 

survivorship curve (Deevey, 1947) in species capable of produ­

cing large number of seeds in contrast to those which produced 

lesser number of seeds and exhibited the Type I survivorship 

curve. Although earlier workers (Antonovics, 1972j Harper, 

1977j Johnson & Thomas, 1978) have demonstrated that survival 

of herbaceous plants is generally a linear function of time, 

the present study illustrates the occurrence of both linear 

(Type II) and concave (Type III) survivorship cxorves. The 

enhanced mortality during active growth phase of the two weeds 

could be probably related to increased resource competition 

rather than climatic events which were not harsh during the 

active growth phase, Sarukhan & Harper (1973), Hawthorn & 

Cavers (1976) and Yadav & Tripathi (l98l) have also attributed 

high mortality during active growth phase to increased 

competition for resources. 
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S\irvival of the l a t e a r r iv ing cohorts may be adversely 

affected by the already es tabl i shed ind iv idua ls of the spring 

cohorts of the two weeds. The spring cohorts showed r e l a t i v e l y 

greater survivorship and half l i f e i n sp i t e of larger s i ze , 

ind ica t ing t h a t the populat ion regula t ion i n t h i s case may be 

densit^i-independent as a lso argued by Klemow & Raynal ( l98 l ) 

i n Melilotus a lba . The grea ter survival of ear ly emerging 

cohort of G. c i l i a t a r e l a t i v e to the other cohorts conforms tStth 

the population behaviour of ce r t a in other species studied by 

Sarukhan & H.irper (1973), Hawthorn & Cavers (1976), Weaver & 

Cavers (1979) and Weiss ( l 9 8 l ) . However, the I I I cohort of 

G. pa rv i f lo ra which appeared l a t e r than the I I cohort showed 

b e t t e r surv iva l . This behaviour may probably be a t t r i bu ted t o 

f luc tua t ion i n degree of in te r fe rence from t h e well su i ted I 

and I I cohorts of the co-exis t ing G. c i l i a t a . which offered 

more keen competition during act ive phases of l i f e when the I I 

cohort of C. pa rv i f lo ra appeared, but l a t e r on i . e . a t the time 

when the I H cohort appear, t h e co-exis t ing indiv iduals which 

had fimdergo-ie passive growth phase might offer reduced competi­

t i o n , 

In 1980, both weeds showed longer half l i f e and grea ter 

s\irvival and seed production i n the cropland afctiiation than i n 

t he wasteland, which could probably be a t t r i b u t e d to l e s se r 

competitioi; from the assoc ia tes which had lower densi ty i n the 

former s i t u a t i o n . The seedling mor ta l i ty was mtjch greater i n 

1981 probably due to increased densi ty of the associa tes 
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(Table 3.1) which reduces the light available to the seedlings 

by c, 20%. Putwain & Harper (1970), Raynal & Bazzaz (l975b) 

and Tripathi & Dwivedi (1978) reported that the distribution 

and abundance of a species may be profoundly modified by the 

presence of associated species in community. The seedlings of 

both weeds were also damaged by slugs which occur in great 

abundance during peak rainy season, indicating the possible 

role of predation in the seedling sxirvival of these weeds. 

The year-wise increase or decrease in total seed output 

*̂ ^ SL' ĉ r̂ ^̂ "̂ ^ °"- "thie two sites was mainly due to change in num­

ber of fertile plants rather than change in seed output per 

plant,>while jG, parviflora showed reduction in per plant seed 

output due to individual plastic response to density. In 

contrast to findings of ¥eaver & Cavers (l979), per plant seed 

production and CRE of the later emerging cohort was lower as 

compared with the early emerging cohort. However, the CRE of 

the two species did not vary much with the year indicating that 

the energy allocation to reproductive purposes remains unaffec­

ted by the high density of associates in 1981. Constancy in 

reproductive allocation has also been reported by Harper &r 

Ogden (1970) and Raynal & Bazzaz (1975b) in certain other 

annuals grown xmder various degree of stress. 

i£» ciliata and G. parviflora may be regarded as fugitive 

species in that they typically prefer distiorbed and open sites 

to grow better and to produce more seeds which enable them to 

invade new disturbed habitats. ̂, They also occur in fields lying 
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abandoned for a year, but they are si;^pressed considerably due 

to growth of other associated p lan t species on such s i t e s* The 
« 

emergence of different seedling cohorts at different time 

periods in both weeds-may be viewed as an important strategy in 

so far as the maintenance of the popiilations is concerned. It 

reduces the degree of intra-and inter-specific competition by 

avoiding crowding at the same time. The occurrence of more 

than one seedling cohorts may also ensure the successful 

completion of the life cycle of some cohort or the other in case 

the environmental conditions prevailing during the life time of 

a particular cohort prove to be too rigoi?ous to render the 

siiTvival really precarious. 



CHAPTER IV 

The regulation of G. ciliata and G. parviflora populations: 

a) Effect of associated vegetation on the sown seeds and 
transplants of the two Galinsoga spp. 

b) Allelopathic effect of E. riparium on seed germination 
and growth of the two Galinsoga spp. 

c) Effect of established populations of G. ciliata and 
G, parviflora on their late emerging "seedling cohorts 
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a) Effect of associated vegetation on the sown seeds and 

transplants of the two Galinsoga spp. 

INTRODUCTION 

In field sitviation, the success of a species population 

is largely determined by the associated plant species growing. 

in its proximity (Raynal & Bazzaz, 1975a; Tripathi & Dwivedi, 

1978), Relatively poor recruitment of seedlings from seeds in 

established plant communities has been reported by Tamm (1956), 

Cavers & Harper (1967)| Putwain & Harper (1970) and Singh 

(1980). Cavers & Harper (1967) observed that some of the 

phytometers of fiumex acetosa and R. obtusifoliiis introduced in 

established ccHmflunity could survive and grow for longer dura­

tion as compared to the individuals originating from the sown 

seeds. Similarly, Chippindale (1948) suggested that seedlings 

of the grasses can survive for lor*g duration in swards but 

without showing increase or loss in biomass. These sttidies 

illustrate the significant role played by the established 

vegetation on population growth of a species placed in that 

situation. Thus, a study pertaining to the effect of 

established plant populations on seed. germi|iation, survivorship 

and growth of young seedlings of the two species of Galinsoga 

was undertaken. 

MATERIALS AND METHODS 

The study site was an eastward facing slope, situated 

on the campus of the School of Life Sciences, North-Eastern 
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Hill University, Shillong, The experiment was carried out on 

the top of the slope. The vegetation of the study plot 

comprised of Eupatorium adenophorum and E. riparium as dominant 

herb layer. The other major plant species present on the site 

are given in Table 4.1 alongwith their densities. One half 

portion of the study plot was cleared of all the vegetation 

while the other half was left as it is i.e. without removing 

the plants. Freshly collected mature seeds -of G. ciliata and 

G, parviflora were sown in the study plot at the rate of 400 

2 
seeds per 0.25 m on 10 May 1981, A census of the seedlings 

was done after a fortnight from sowing. On the same date 40 

seedlings of 4 leaf stage were transplanted in the other set of 

0.25 m subplots representing both cleared (vegetation free) 

and uncleared (vegetation not removed) plots to study the effect 

of associated vegetation on the young transplants of the two 

weed species. The initial growth parameters of the seedlings 

and transplants were measured on 25 May 1981. 35 subplots of 

50 X 50 cm were maintained for each species to allow three 

harvests in three replicates for each of the two treatments of 

seed born seedlings and transplants, 

Observations were made on survivorship of the seed­

lings at about fortnightly intervals. ( The other observationa 

like leaf area, biomass production and seed output per plant 

were estimated by harvesting the 15 plants from each treatment 

after 6, 12 and 18 weeks from first census/planting date. The 

biomass of the plants was estimated by the procedure described / 

by Misra (1968).y 
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Table 4,1j List of common plant species with their densities 
9 

per m'"' on the study site where the vegetation was 

not removed (Data based on 10 quadrats of 1 m ), 

Species Density (+S.E.) 

Eupatorium adenophorum Spreng, 

E, riparium Regel 

Drvmaria cordata Willd. 

Eurya .japonica Thunb. 

Panicum brevifolium Roxb. 

Potentila mooniana Wight 

Osbeckia crinata Benth. 

Arundinella khaseana Nees 

Hypochaeris radicata Linn. 

16.8 i. 3.5 

13.6 + 2,5 

6.2 i 0.6 

8.5 + 1.2 

16.3 i 2,1 

4.8 i 0.3 

13.5 + 1.6 

20.8 + 2.9 

12.0 + 1,2 

Table 4,2: Nijmber of seedlings per 400 seeds sown on the 

cleared and uncleared plots and reduAion in 

seedling emergence caused by the associated 

vegetation (+. S.E.) 

Species No. of seedlings emerged 

Without With 
associates associates 

G. ciliata 209 + 24 145 1 28 

G- marviflora 185 i 13 89 i 12 

Percentage reduction 
in seedling popula­
tion 

30.6 + 8.6 

51.9 +11.8 
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RESULTS 

Seed germination; 

Seed germination of the two Galinsoga species was 

considerably reduced due to presence of the associated vegeta­

tion (Table 4.'<lt). However, the reduction in seed germination 

was more pronounced in G, parviflora than in G. ciliata« 

Survivorship; 

The survivorship of the seed born seedlings and trans­

plants of both species was substantially reduced due to the 

presence of associated vegetation (Fig. 4.1). The seedling 

populations of both species especially G. parviflora decreased 

drastically during active growth phase. In G. parviflora the 

seedlings allowed to grow with the associates showed almost nil 

survival. On the contrary, survivorship of the seedlings was 

very high in the plots devoid of vegetation. The mortality 

rate, as indicated by the survivorship data, was lower in trans­

plants of the two weeds as compared to that of seed born seed­

lings, However, G, ciliata showed better survivorship than G, 

parviflora and c.596 seed born seedlings and 15% transplants 

survived over the whole study period. 

Leaf area per plant; 

The presence of associated vegetation caiised substantial 

reduction in leaf area per plant of the two G>=̂ linsoga spp. 

The sL5)pression was more severe in case of G. pyviflora than in 
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G. ciliata (Fig. 4.2, Plate 4.1A & 4.1B), However, the trans­

plants of the two weeds showed relatively greater leaf area than 

the seed born seedlings. 

Biomass per plant; 

The yield per plant of the two species of Galinsoga 

was also greatly reduced in the presence of associated vegeta­

tion (Fig. 4.3, Plate 4.1A & 4.1B). The decrease in yield was 

more conspicuous in G, parviflora tlian in G. ciliata. Bicmass 

of the two species showed only slight increase with time in 

presence of the associates while in absence of associates it 

increased substantially. Like other parameters, biomass of the 

transplants was also greater than that of the seed born seed-: 

lings. 

Reproductive growth; 

None of the seed born seedlings of the two weedy 

species produced flowers when grown with the associated vegeta­

tion while in the stijdy plots devoid of vegetation, the seed­

lings of the two species showed good reproductive growth and 

produced enormous number of seeds (Table 4.3). This clearly 

indicates that the presence of the associated vegetation caused 

drastic reduction in reproductive growth of the Galinsoga spp. 

However, the transplants of the two weeds were better adapted 

to this situation and produced larger number of seeds than the 

seed born seedlings. 
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Table 4.3: Reproductive behaviour of the two Galinsoga spp. as affected by the associated 
vegetation (+S.E.). 

Nature of plant 

Seed born plant. 

Reproductive 
parameter 

Nc. of capitula/ 
plant 

No. of seeds/ 
capitulum 

No. of seeds/ 
plant 

G. ciliata G. parviflora 

Withouit i With 
associates associates 

Without With 
associates associates 

22 ^ 1.8 

17 1 1.3 

3 ^ + 2 2 

0 + 0 

0 + 0 

0 + 0 

34 + 2.6 

2 3 + 0 . 9 

775 + 29 

0 + 0 

0 + 0 

0 + 0 

Transplant 

No. of capitula/ 
plant 

No. of seeds/ 
capitulum 

No. of seeds/ 
plant 

28 + 2.6 

17 +2.1 

638 + 152 

2 1 1.0 

17 1 2.9 

331 + 15 

35 + 2.8 

22 + 3.1 

770 + 84 

0 + 0 

0 + 0 

0 + 0 
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DISCUSSION 

The results indicate that the associated vegetatj.on 

caused spectacular decrease in seed germination, survivorship 

and growth of the two Galinsoga spp» G. cillata was, however, 

less affected as ccxnpared to G. parviflora* 

The decrease in seed germination of the two weeds in 

presence of the associates may be attributed to lack of enough 

'safe sites' (Harper, 1961) and/or production of some seed 

germination inhibitors by the associated vegetation. _E. adeno-

phforum and ̂ » riparium which grow as the dominant associated 

species on the study plots, are known to have allelopathic 

effect on seed germination of the two weeds (Tripathi et al»« 

1981; Rai & Tripathi, 1982b). 

None of the seed born seedlings of G. parviflora survived 

over the whole study period presumably due to their inability to 

cope with competition from the associated vegetation. However, 

some seedlings of G. ciliata could manage to survive but they 

also failed to show any increase in either vegetative ttr repro­

ductive growth, thus indicating the 'resistance to inanition' as 

argued by Chippindale (1948). This feature may probably confer 

a great advantage on this weed to sxirvive the competitive rigours* 

Relatively better survival of the traiisplants of the two weeds 

than the seed born seedlings, when groT(flŝ ,with the associates, 

indicates the significance of age in minimising the competition 

from associated vegetation. Cavers & Harper (1967) too, have 
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iiaported the better survival of phytometers as compared to seed 

born seedlings of Rumex spp. 

The reduction in leaf area per plant of the two weeds 

when grown with the associated! (Table 4»4) seems to be an 

important factor contributing to the death of individuals. It 

appears that the plants failed to develop the minimum leaf area 

needed for their sustenance. Relatively lesser reduction in 

leaf aretpej:i|plant of G. ciliata also suggests that it could 

make some growth under stressed conditions as well, which resul­

ted into better survival of this species. 

The yield and reproductive growth of the two species of 

GalinsQga were also greatly reduced due to presence of the asso-

daiteg-* There was complete absence of flowering and fruit­

ing in G, parviflora when grown with the associates. However, 

i^ S« cil^^tf ^P^^ transplants produced seeds but in this 

species as well, the seed bom seedlings did not flower. Trans­

plant of G, ciliata thus appear to be better adapted to grow in 

competition with the associates than the seed born seedlings. 

The adverse effect of associates, especially grass species on 

vegetative and reproductive growth of some plant species has 

also been observed by Saigar & Harper (1961) and 13&<ivedi,8<' 

TripaiitL (1980). The associates that are already established 

and well grown intercept the incoming solar radiation to a great 

extent. Thus, it may be argued that individioals of G. ciliata. 

showing better survivorship and yield even in the presence -Of 

associated vegetation, are better adapted to poor light 
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Table 4.4; Periodic percentage reduction in various growth 
parameters of the two species of Galinsoga as 
affected by the associated vegetation. 

Nature of 
Plant Parameter 

plant 

Transplant 

G, c i l i a t a 
v/eeks after f i r s t 

census 
6 12 18 

Leaf area/ 80 

Seed born P^^^^ 

Yield/plant 79 

Leaf area/ 83 
plant 

Yield/plant 74 

£• parviflora 

Weeks .after first 
census 

5 12 18 

89 

81 

94 

74 

90 

87 

94 

78 

86 

74 

88 

71 

93 

85 

91 

80 . 

•K-

* 

94 

85 

•̂'' The percentage reduction was infinity as all the plants 

died off. 

conditions. G. parviflora.showing greater susceptibility to 

competition stress from the associates, prefers relatively open 

habitats. A comparison of the extent of reduction in grov/th of 

the two species reveals that G. parviflora is more sensitive 

to competition and shade caused by the associates. This seems 

to be one of the reasons for the smaller population size of 

£• parviflora in nature as compared to co-existing G., .ciliata. 
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b) Allelopathic effect of E. riparium on seed germination apd 

growth of the two Gqlinsoga spp. 

INTRODUCTION 

The associated vegetation, besides competing for 

resources, also produce some toxic substances which aXfect the 

growth and development of the neighbouring plant species (Rovira, 

1969; Whittaker & Feeny, 1971). Changes in community structure 

and species - dominance have also been attributed to allelopathy 

in several studies (Muller, 1969; Weill & Rice, 1971; Rice, 

1974, 1979; Lodhi, 1976; Friedman e^ al,, 1977;Hull & Mullier, 1977; 

Gliessman, 1978; Parker & Muller, 1979; Ballester jgt ̂ . , 1979). 

However, the role of allelopathy in regulating the populations 

of weedy species has not been emphasized much, 

Eupatorixjm riparium Regel, a perennial herb of family 

Asteraceae grows abundantly on wasteland and roadsides as one 

of the noxious weeds of ruderal habitats at higher altitude in 

Meghalaya. Its dominance in nature over other plant species has 

been attributed to allelopathy (Rai & Tripathi, 1982b). It was 

pointed out that oertain plant species especially the two annual 

weeds, G, ciliata and G. parviflora which are sympatric with 

£• riparl\ia extiibited better growth and more density in field 

populations where they do not come in close contact with the 

latter. This leads to the assumption that E, riparium has some 

regulatory effect on the populations of the two species of 

Galinsop;a. Thus, a study was carried o\it to exeunine whether 
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and to v/hat extent the Galinsoga populations are affected by 

the allelopathic effects of E. ripgirium* 

MATERIALS AND METHODS 

Effect of E. riparium extracts and leachates on seed germination 
I I I I liiTT I 11 IN » « P i p — .1111. I • — — » — • — ^ — — I mil 

and radicle and plumule growth of Galinsoga spp. 
•-Miaa^>s>aaa>_B>BWMMM*pBa_in^B_i_i^aBaMMiawiai^a(iB|aMaMSBaaanaBaBn>>iiai^BaiMHii^iiiaMiM^ 

Fresh leaves and litter of E, riparium were collected 

ffiom field populations in May 1980 and aqueous extracts of ^% 

and 3% concentrations were obtained by crushing 1 and 5t of the 

leaves and litter in 100 ml distilled water with a pestle and 

mortar and by filtering the crushed material through a muslin 

cloth* The leaf leachate was prejsared . by shaking mechanically 

1 and 5g of fresh leaf with 100 ml distilled water for 2 h. The 

freshly collected fully ripened seeds of G. ciliata and 

G, parviflora were soaked in the leaf extracts/leachates of 

different concentrations for 24 h. The corresponding controls, 

with the seeds of the two species soaked in distilled water for 

the same period, were also maintained. Fifty soaked seeds of 

each of the two species were kept in Petri dishes on moist 

filter paper for germir^tion, and for each treatment three 

replicates were maint^ned. All the Petri dishes were kept in 

a BOD incubator at 25 i. 2*'c, Seed germination was recorded 

over a 15-days period after which the seed gexinination practi­

cally ceased to occur. The effect of extracts arai leachates 

was studied on radicle and plumule elongation over 96 h diira-

tion* The plumule and radicle elongation was averaged on the 
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basis of ten measurements. 

Growth of Galinsoga spp. as affected by E, rioarium extract 

and leachate: Four day old five seedlings of each of the 

Galinsoga spp., with fully expanded cotyledonary leaves were 

separately transplanted on 20 July 1980 in each of the 36 plas­

tic pots (21 cm diam. with a basal hole for drainage) contain­

ing 4 kg sandy loam soil. The pots were separated in four lots 

for application of 1% and 5% extracts and leachates. There 

were three replicates and three harvests for each of the four 

treatments. The aqueous extracts/leachates were prepared as 

described in experiment 1. Three hiandred ml of each extract/ 

leachate was supplied to,each pot of the respective treatments 

at 3 days interval from the date of transplantation. Nine 

control pots where 300 ml of distilled water was supplied, were 

kept for each test species. The harvests were taken after 5, 

10 and 15 weeks from the date of transplantation to determine 

the leaf area and number of capitula and seeds per plant. The 

dry matter production was determined after drying the plant 

material in an oven at 70"C for 48 h. 

Effect of litter extract and litter bedt Experimental design 

to evaluate the effect of the litter extract was similar to 

that of experiment 2. Litter bed was prepared in pots contain­

ing soil overlain with 15 g of litter powder of E. rioariugn. 

Four day old 5 seedlings were transplsmted in each pot. Three 

pots per trealanent were harvested softer 15 weeks from the 
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transplantation date and the growth parameters like leaf araa» 

seed output and biomass production were measured, 

Effect of E. ripariijm on Galinsoga populations: Twenty- pots 
tW''* > * " I I 11,1 I II 

were filled with sandy loam soil. Two plants of E» rioariiaa 

each having four leaves were transplanted in each of the 10 

pats in March 1981. The other set of 10 pots contained no 

plant (control). After 4 months of growth E. riparium plants 

were uprooted from the pot soil and were left to dry and decom­

pose in the pots for one month, after which the undecomposed 

plant material was removed from the pots. Hundred seeds of 

each of the two test species were separately sown in the trea­

ted and control pots. Seeds were also sown in pots filled with 

soil from the natural habitats of E. ripari\jn. The seed 

germination was recorded after 1$ days from sowing while the 

observations on number of survivors and dry matter production 

were made after 95 days from sowing, 

Effect of decomposing litter of E. riparium on Galinsoga spp.s 

Fresh plant litter was collected from the soil siorface 

densely infested with E* riparium. Toxicity was tested by 

incorporating the litter to the soil at the rate of 500 g m"^ 
<> 

which is equivalent to the quantity of litter present on per m '̂  

area in the field. Both species of Galinsoga are characterised 

by having more than one seedling cohorts emerging at different 

time period in nature (Usami, 1976) and so, the seedlings are 

likely to be affected by the litter in different stages of 
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decomposition. To simulate this, the litter was added to the 

pot soil before 2, 10 and 20 weeks from' the start of experiment. 

Fifty seeds of each of the two test species were sown per pot 

in the treated soil. The corresponding controls, where no 

litter was added were also kept for compeurison* Three repli­

cates per treatment were maintained. Seed germination was 

recorded after 15 days from sowing date. After 95 days from 

sowing, number of survivors and dry matter yield was estimated, 

Statistical treatment of the data: The LSD and SE values were 

calculated to find out whether the differences were significant 

due to the treatments. 

RESULTS 

The seed germination and radicle and plumule growth of 

both the test species were considerably inhibited by extracts 

and leachates of E. ripsirium (Table 4.5). The inhibitory 

action was correlated with the concentration of extracts/ 

leachates. The two species responded differentially to aqueous 

extract; in case of G, ciliata the leaf extract caused rela­

tively greater inhibition while in G. parvjflora maximum inhi­

bition was caused by the litter extract. 

Although the growth of both test species was adversely 

affected by the application of leaf extract/leachate of 

!• riparium to the pot soil (Fig. 4.4), G. parviflora was 

affected more. The leaf area and number of capitula a»ad iieeds 



Table 4.5s Seed germination and radicle and plumule growth inhibition {%) of 

G. ciliata and G. parviflora caused by leaf extract, leachate and 

litter extract of E. riparium. 

Test species Leaf extract Leaf leachate Litter extract LSD from 
control 

^% 3% 1î  5% 1% 3% p = 0.05 

Seed...germination .20.9 6l.8 4.3 12.4 18.7 33.9 8.5 

2' ciliata Radicle growth 53.8 67.3 14.7 39.4 5.6 35.8 12.8 

Plumule growth 53.7 65.5 19.2 28.5 12,7 26.9 13.6 

Seed germination 16.1 33.5 6.9 18.5 20.3 38.9 9.4 

S- £^£Xiii££5 Radicle growth 1.2 34.1 19.0 29.7 12.3 48.3 10.7 

Plumule growth 21.3 31.1 6.9 21.5 22.6 43.8 12.6 
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per plant of the two species were substantially reduced duG to 

extract/leachate application (Table 4.6), but the number of 

seeds per capitulum remained unchanged. Similar reduction in 

growth performance of the test species was observed due to the 

litter extract application and amendment of soil with litter 

(Table 4.7). The leaf extract caused most inhibition, followed 

by the litter extract and leaf leachate (Table 4,8), The shoot 

growth of the test species was relatively more affected by the 

leaf extract and leaf leachate, while the root growth by the 

litter extract and litter bed. 

Seed germination, survival and growth and reproductive 

allocation of both species were reduced when the plants were 

grown in soil collected from E, riparium stand (Table 4.9). 

G, parviflora was more adversely affected than G, ciliata. 

The litter of _E, riparium in different stages of decom­

position in the soil caused reduction in seed germination, 

number of survivors and reproductive performance of both 

species (Table 4t'l0), The litter in early stage of decomposi­

tion injlibited the plant growth more adver«'Biy than in the 

later stage. The addition of the litter to the pot soil two 

weeks before seed sowing resulted into an increased shoot/root 

ratio, especially in G. ciliata. 

DISCUSSION 

Not only the germination of seeds of the Galiiî oga spp» 

soaked with extracts and leachates of E. ripĵ itan was reduced 



Table 4.6; Leaf area (cm ) and reproductive behaviour of G. cili?a,ta and G. parviflora as 

affected by leaf extract and leachate of E, riparium (* S.E.), 

Control Leaf extract Leaf leachate 

0% VA 5% VA 3% 

350.3+28.4 308.0+30.2 167.8+36.3 310.0+31.4 192,8+40.7 

161.6+28.4 78.7+16.3 28.3i 9.2 103.8+20.4 65.4+11.9 

G. .ciliata 

Leaf area/plant 

No. of capitula/plant 
No. of seeds/capitulum '%&.9±^, 6 19.2+ 1.3 l6.5i 2.1 19.0+0.9 18.3+ 1.8 
No. of seeds/plant 3055 + 601 1512 + 208-: 466 + 89 1972 + 401 1196 + 215 

2.» P'^rviflora 

Leaf area/plant 406.6+80.3 226.0+72.9 133.7+10.8 228.0+20.3 135.0+12.1 

No. of cflpitula/plant 99.3+13.3 45.0+12.1 11.31 ^ '3 59.9+14.3 16.4+ 2.4 
No. of seeds/capitulum 25.0+'2*7 24.0+ 1.2 24.2+ 1.6 26,1+ 2.1 2 3 . ^ 1.5 
No. of seeds/plant 2481 + 702 1080 + 103 272 + 48 1557 + 308 401+ + 82 

7̂  



Table 4.7: Le.-̂ ĵf area (cm ), reproductive behaviour and dry v;eight (mg) of G. ciliata and 

fi» parviflora as affected by litter extract and litter bed of ̂ . riparium 

(± S.E.) 

G. c l l a a t a 

Leaf a r e a / p l a n t 
No, of c a p i t u l a / p l a n t 
No. of seeds / cap i tu lum 

No, of seeds/pl.-uit 
Dry w e i g h t / p l a n t 

G. p a r v i f l o r a 

Leaf a r e a / p l a n t 
No. of c a p i t u l a / p l a n t 
No. of seeds /cap i tu lum 

No. of s e e d s / p l a n t 
Dry w e i g h t / p l a n t 

^ Contro l 
0-̂  

272.8+24.3 
48.2+12.3 
17.4+ 1.3 

838.+ 212 
812 + 38 

342.0+20.6 

53.0+13.1 
24.3+ 1.6 

1288 +. 210 

1804 ^ 41 

L i t t e r 
1>6 

198.3118.6 
Zl,k-i_ 4 .6 

18.1+ 1.6 

496 1 93 
521 + 23 

173.0+15.2 
23.8+ 5 .0 

24.7+ 1.6 
588 + 63 

752 + 32 

e x t r a c t 

50 .2+10.8 

10.4+ 2 .3 

17 .91 t ' ^ 
186 1 26 

255 + 20 

98.319.6 

12.8+4.3 
25 .^12 .1 

320 1 49 

374 1 17 

Litter bed 

214.3138.6 

14,81 4.1 

18.31 2.1 

271 1 39 

581 + 28 

122.5112.3 

9.6+ 3.3 

24.71 2.1 

237 + 31 

338 1 17 



Table 4.8; The inhibitory effect C%) of leaf extract, leachite and litter extract and litter 

bed of E. riparl\;im on leaf area, seed output and bioinass of G. ciliata and 

G. parviflora. 

G. cî lî ^̂ ta 

Leaf area 

Seed putput 

Root biomass 

Shoot biomass 

S* P̂ .Ĵ vifloĴ â  

Leaf area 
Seed output 

Root biomass 

Shoot biomass 

Leaf extract 

^% 5% 

14.4 

50.5 

25.3 
44.0 

44.5 
56.5 
50.0 
59.6 

53.5 
84.7 
58.0 
80.0 

67.1 
88.8 

68.2 

89.3 

Leaf leachate 

1% 5% 

13.9 
35.5 

13.5 
30.5 

44.0 
37.2 
24.0 
42.0 

46.5 
60.8 

40.2 
59.0 

66.8 
83.8 
53.8 
64.1 

Litter 

1% 

27.3 
40.8 
50.0 

39.2 

49.4. 
54.4 
57.0 
54.2 

extract 

5% 

81.6 

77.8 

77.0 

70.0 

71.3 
75.2 

81.5 
77.0 

Litter bed 

21.5 
67.6 

62.5 

34.5 

64.2 

81.6 

78.0 

78.2 

LSD from 
control 
p = 0.05 

22.2 

37.3 
30.1 

35.2 

44.7 

38.3 

26.5 
44.2 

^ 



Table 4.9! Seed germination, survivorship, dry matter yield and reproductive allocation of 

G. ciliata and G. parviflora as affected by the growth of E. riparium. 

Seed 
Test species Nature of pot soil 

Survivor- Yield/pot Reproductive 

G, ciliata 

G. parviflora 

Soil from natural habitat 
of E. riparium 

Soil from pots containing 
E. riparium 

Soil from pots devoid of 
E. riparium 

LSD, p = 0.05 

Soi l from m t u r a l hab i t a t 
of E. riparium 

Soi l from pots containing 
E. riparium 

Soil from pots devoid of 
E. riparium 

LSD, p = 0.05 

germination 
i%) 

80.0 

67.5 

86.3 

18,6 

76.6 

72.6 

89.7 

12.2 

ship 

,M. 
47.8 

45.5 

58.7 

5.5 

36.5 

39.1 

43.5 

2.6 

IEL. 
a l loca t ion 

4.2 

4.0 

5.2 

1.0 

4.9 

4 .9 

6.1 

0.9 

10.7 

12.8 

13.7 

3.9 

7.1 

8.8 

12.1 

2.9 

v^ 



Table 4,10; Seed germination, survivorsliip, yield, shoot/root ratio and reproductive allocation 

of G. ciliata and G. parviflora as affected by decomposing litter of E. riparium. 

Test species 

G. ciliata 

Duration of litter 
decomposing in pot 
soil 

Control (No addition of 
litter) 

2 weeks 

10 Vi/eeks 

20 weeks 

LSD, p = 0.05 

Seed 
germina-
tion(5̂ ) 

75.6 

56.3 
65.6 

65.6 

14.7 

Survi­
vorship 

81.1 

44.4 

59.4 

76.1 

21.4 

Yield/ 
pot 

(g) 

2.7 

0.7 
1.8 

1.9 
0.6 

Shoot/root 
ratio 

11.6 

16.5 

12.5 
13.4 

2.2 

Reproductive 
allocation 

9.6 

4.2 
6.8 
10.6 

226 

Control (No addition of 72.5 71.4 3.1 11.0 6.5 
litter) 

2 weeks 50.7 42.8 0.9 13.5 3.9 

5» Parvif lora 10 weeks 76.1 52.3 2.6 13.4 6.7 
20 weeks 68.2 61.3 2.5 12.6 6.6 
LSD, p = 0.05 16.3 19,2 0.5 2.4 1.0 

00 

o 
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but the growth of plijmule and radicle emerging out of such 

seeds was also poor. Suppressed growth of the seedlings caused 

due to inhibitory action of E. riparium might render the 

already less competitive Galinsoga species still weaker to 

compete against E. riparium. Such an argument finds support 

from Lockerman & Putnam (l98l). As a consequence, the competi­

tion and allelopathic effects of E. riparium on the Galinsoga 

spp. play a crucial role in population regulation of the 

latter. The shoot and root of the test species exhibit diffe­

rential susceptibility to the plant extracts. For example, the 

root growth was much more affected by the litter extract, and 

soil amended with the litter of E. riparium as compared to 

shoot growth whereas the latter was relatively more adversely 

affected by the leaf extract. This is in agreement with the 

observation made by Tripathi et al. (1981). 

Like other allelc^athic plants (Naqui & Muller, 1975; 

Dirvi & Hussain, 1979; Hussain & Gadoon, 1981) E. riparium 

induced soil to:4icity by releasing toxins through leaching 

during its active growth and during the decay of litter. As a 

result, the seed germination and growth of the Galinsoga species 

were reduced considerably when they were grown either in soil 

collected from natxiral habitats infested with E. riparium or in 

experimental pots containing the soil amended with the litter 

of E, ripari;jm. This highlights the importance of allelopathy 

in population regulation of the species as has also been argued 

by Whittaker (1970). asMieKtfflrfir & Tisdale (1969) found that 

litter of Artemisia tridentata in early decomposition stage 
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retarded seed germination and seedling growth of several grasses 

but stimulated growth four weeks following germination, a 

behaviour observed in the present study too. 

Interestingly enough, while the seed germination and 

growth of the test species were strongly inhibited by 

^» riparium in bio-assay tests, they do occur in nature as 

associates of £. flparium although in poor density (Rai & 

Tripathi, 1982b). This might be either due to buffering action 

of other plant species growing in the vicinity and/or due to 

difference between the concentrations of allelochemics in 

nature and in the experiment. Heavy rainfall ( !̂  3000 mm per 

year) received in Shillong might be having a great diluting 

effect on the allelochemics produced by E. riparium. Thus, 

some plant species may presxjmably escape unaffected by allelo­

chemics produced by E. riparium and may tiot show the same extent 

of inhibition as observed in control conditions (Rice, 1974), 

del Moral & Gates (1971) and Stowe (1979) have also observed a 

weak correlation between field distribution of a plant species 

and the bio-assay tests pertaining to allelprpathic effects* 

The results highlight the importance of allelopathy as a 

potent factor of popxxLation regulation. The present bio-assay 

tests employed to assess the allelopathic effects of E. ripariijn 

suggests the presence of growth inhibitors which have control­

ling influence on seed germination and radicle and plianule 

growth of the two weeds. These chemical siilistances also 

regulate the weed seed populations by reducing the seed output 
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per plant. Thus the study provides an interesting exajnple 

where a weed (_E. riparium in the present instance) producing 

allelochemics contributes to the population regulation of the 

other two weed species. 
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c) Effect of established populations of G. ciliata and 

G, parviflora on their late emerging seedling-cotterte, 

INTRODUCTION 

Colonising species which propagate largely through 

seeds usually have many seedling cohorts emerging at different 

times of the year. The late emerging seedling cohorts are 

exposed to competition for the available resources from the 

earlier established cohorts of different ages. Thiis it would 

be interesting to londerstand, in what way the earlier emerged 

seedling cohorts affect the survival and growth of the new 

recruits of its own species. The most common belief is that 

the individuals that are already established gain better access 

to the available resources as compared to those arriving later 

(Werner, 1978), but quantitative measioremepts are meagre. The 

two exotic weedy species of Galinsoĝ a exhibited the Occurrence 

of more than one seedling cohorts in nature. An attempt has, 

therefore, been made to study the effect of earlier emerged 

seedling cohorts representing different age groups of the two 

weeds on emergence, survival and growth of the late emerging 

seedling cohorts. 

MATERIALS AND METHODS 

In order to maintgdn seedling cohorts of different age, 

two days old 10 seedlings of G, ciliata and G. parviflora wei:'e 

separately transpliaated on 9 April, 4 May and 27 May 1981 in 
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plastic pots of 21 cm diam, each containing 4 kg sandy loam 

soil. These seedling cohorts were of 50, 25 and 2 days on 

27 May 1981. On each planting date 8 pots were maintained for 

either of the two species. Out of these pots, half were so-vn 

with seeds of each species on 27 May 1981 at the rate of 100 

seeds per pot. A control set for each of the two species was 

maintained by sowing the seeds in pots where the seedlings were 

not planted. The treatments were as given below: 

i. £. ciliata seeds were sown in pots devoid of seedling or 

plant (control set). 

ii. G. ciliata seeds were sown in pots -containing 2 days old 

G. ciliata plants. 

iii. G. ciliata seeds were sown in pots containing 2 days old 

G. parviflora plants. 

iv. G. ciliata seeds were sown in pots containing 25 days old 

G. ciliata plants. 

v. G. ciliata seeds were sown in pots containing 25 days old 

G. parsrlflopaeptants. 

vi. G. ciliata seeds were sown in pots containing 50 days old 

G. ciliata plants. 

vii. ^, ciliata seeds were sown in pots contaiaiing 50 days old 

G. parviflora plants. 

Similar treatments were maintained with G. parviflora 

seeds too. The experimental design consisted of 7 treatments 

X 2 species x h replicates, involving 56 pots which were 

randomised ccmpletely. All the pots were supplied wi.th equal 
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amount of water and were kept in polythene roofed net house. 

After 15 days of sowing the emerged seedlings -were marked 

and their fate was followed till the flowering and seeding at 

about fortnightly intervals. The plants were harvested for 

growth measurement on August 25 and 26, 1981. The above-ground, 

belowground and total biomass of the two species were estimated 

after drying the plant material at 60**G in an oven for 72 h* 

RESULTS 

Seed germination; 

Seed germination of the two weeds decreased considerably 

in the pots containing the earlier emerged seedling cohorts 

(Fig, 4,5). The seeds of Galinsoga spp. sown with the seedling 

cohorts of the other species of Galinsoga showed relatively 

greater reduction in seed germination, 

Survivorship of the seedlings; 

Total number of s\irvivors of the two weeds decreased with 

the advancing age of the earlier cohorts and the decrease was 

more when one species grew with another species (Fig. 4,5). 

£• p^^rviflora grown with 25 days old cohort of G. '"-|]̂iffH'*̂" 

showed 80% mortality which was even more than that Observed 

Wljlth, 50 days old cohort. In general, G. ciliata exhibited 

better survival than G. parviflora. 
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The seedlings emerged from the sown seeds followed a 

similar pattern of mortality. The mortality was heavier during 

early stage of life and it decreased as the seedling population 

became older (Fig. 4,6). The seedlings of the two species 

responded to competition offered by the earlier established 

cohorts in different ways. As compared to the control, 

j£, ciliata seedlings facing stress from the established cohorts 

exhibited relatively prolonged mortality that continued 

throughout the life whilst G. parviflora showed two fold 

increase in mortality during juvenile phase. 

Leaf area? 

The leaf area per pot of the two species decreased 

considerably with increase in age of the established cohorts 

(Fig, 4.7). The reduction in leaf area caused due to presence 

of the established cohorts was more conspicuous when one species 

was grown with another, the effect being more pronounced in 

G. parviflora which appears to be more sensitive to competition 

from the established cohorts. 

Per plant leaf area of both species was also reduced 

substantially by competition from the established cohorts (Fig, 

4.7), However, the extent of reduction was relatively less as 

compared to decrease in total leaf area per pot* G, parviflora 

exhibited relatively greater leaf areaper plant than the other 

species although it was more susceptible to competition from 

the established cohorts. 25 days old G. ciliata cohort reduced 

the leaf area of G. parviflora by 5896, which was even more 
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than the reduction caused by the 50 days old cohort of the same 

spec ies . 

Biomass accumulation: 

Per p lan t and per un i t area y ie ld of both species were 

tdveraieiy;- affected by t h e i r es tab l i shed cohorts and the effect 

was cor re la ted with age of the es tab l i shed cohorts (F ig , 4 , 8 ) , 

The two species responded d i f fe ren t ly t o competition from the 

es tab l i shed cohorts ; whereas the y ie ld of G, c i l i a t a was not 

reduced while growing with G. •parviflora. the l a t t e r species 

showed 38% reduction i n y ie ld when grown with G. c i l i a t a * Like 

other growth parameters, biomass of G, p g ^ i f l o r a was a lso 

g rea t ly suppressed by 25 days old G, c i l i a t a cohort , 

Reproductive growth; 

Reproductive performance of the two weeds was also 

adversely affected by the growth of the es tabl i shed cohorts as 

ind ica ted by the reduct ion i n percenteige of f e r t i l e p l an t s and 

n\jmber of cap i tu la and seed per p lan t (Table 4 ,11) , The older 

t he es tabl ished cohor ts , the more the Jffeductioh i n reproductive 

growth caused by them. G, c i l i a t a grown with es tabl i shed cohort 

of G, pa rv i f lo ra exhibi ted greater f e r t i l i t y and produced more 

cap i t u l a and seeds than when i t was grown with i t s own 

es tab l i shed cohorts , whi ls t the reverse t rend was observed i n 

case of G, pa rv i f l o r a . G, pa rv i f lo ra grown with 25 days old 

cohor ts of G. cilie^ta fa i l ed to flower, while growing with the 
,o ld 

two and f i f t y days/cohorts of the same species , G, pai-vlflora 
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Table 4 , 1 1 : Reproduct ive grov\)th- of t h e t-wo Gal insoga spp . -when grown -with t h e i r e s t a b l i s h e d 
p l a n t s of v a r y i n g age (+S.E,) 

„ . „ ^ Trea tments* 
Spec i e s Parameter ^ ^^ ^^^ ^^ ^ ^^ ^^^ 

Percen tage of lOO+O 100+0 100+0 76 .9+4.3 88 .8+5 .3 57.1+3.4 30 .0+3 .9 
f e r t i l e p l a n t "" 
No. of c a p i t u l a / 5 . 6 + 1 . 0 5 .8+0.9 6 .2+1.2 2 .6+0.8 2.9J.0-3 1.2+0.4 1.4+0.3 

r. • n . a. p l a n t "" - - . . — 

G. c i l i a t a 
... '• — No. of seeds/ 16,2+1.2 16^P.9 I6.2t1.4 14.311.2 14.1+1.2 14.0+1.0 13.8+1.0 

cap i tu lum " " "~ 
No. of s e e d s / 91 + 7.5 95 i 8 100+12 37 1 2 4 1 ; ^ ^ 17 1 4 1 9 ^ 3 
p l a n t — — — — ^ ^ — 
Pe rcen t age of lOO+_0 IOO1O 100+0 40 .0+3 .8 0+0 50 .0+4 .3 25 .0+3.8 
f e r t i l e p l a n t — — .... ^ — 
No. of c a p i t u l a / 3 . 9 1 1 . 0 4 .2+1 .3 3.5+1.2 1.8 1 1 . 0 0+0 0 .9+0 .3 0 . 4 1 0 . 2 

r, . X-, p l a n t — — =- — 
^ ' p a r v i f l o r a ^ 

No. of s e e d s / 21 .011.0 22.2+1.6 22.42^1.0 20.0+_1.2 0-^0 18.2+1.4 19.612.1 
capi tu lum "" — — — — 
No. of s e e d s / 82 1 7 . 5 . •93>l8.2 78 l 4 . 9 36 1 3.8 0+0 16 1 2 8 1 2 
p l a n t ~ "" ~ 

-"- The t r e a t m e n t s I - VII a r e desc r ibed under " M a t e r i a l s and Methods". 

00 
VD 
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did show some flowering. 

Percentage reproductive allocation of biomass in the 

two weeds also decreased in response to competition from the 

established cohorts (Table 4.12), However, the reduction was 

more in G. parviflora than G. ciliata. On contreiry to G. 

ciliata. the reproductive allocation in G, parviflora was more 

adversely affected by the established cohorts of G. ciliata 

than by its own established cohorts. The reduction in repro­

ductive allocation was correlated with the age of the estab­

lished cohorts. However, 25 days old cohort «f G, ciliatfî  

caused complete suppression of flowering while ccanpetition 

from the 50 days old cohort of G, ciliata did not stop flowering 

in G. parviflora completely. 

DISCUSSION 

The reduced seed germination of the two species, in pots 

where the established cohorts were present, may be attributed to 

non-availability of enough 'safe-sites;? Further, the shade 

cast by the older cohorts may cause death of newly recruited 

seedlings soon after their anergence before they became big 

enough to be recorded. This is in conformity with the findings 

of Tamm (1956) and Singh (1980), who reported poor germination 

and seedling establishment in established communities. 

The survival ax)d growth of the seedlings of G. ciliata 

and G, parviflora was greatht;' reduced due to competition frcan 

the -established cohorts, and the reduction was often correlated 
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Table 4.12: Percentage biomass a l loca t ion to reproductive p a r t s 
of the two Galinsoga spp. when grown with t h e i r 
es tabl ished p lan t s of varying age. 

Species Treatments* 
II III IV V VI VII 

G. ciliata 14.8 15.3 17.1 7#3 8.9 3.1 3.2 

5. parviflora 10.1 10.3 8.3 3.1 0 2.2 1.0 

*• The treatments I - VII are described under 

"Materials and Methods". 
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with the age of the cohorts. The newly born seedlings failed 

to establish due to severe competition offered by the older 

cohorts. Both species responded through mortality and plasti­

city, The increase in mortality due to competition from the 

established cohorts 2̂ ppears to have been adjusted by the two 

weeds in two different ways; in G. ciliata by prolongation of 

mortality risk throughout the life, whilst in G, parviflora by 

showing quite heavy mortality during early stage of life. The 

seedlings of one species showed higher mortality when it was 

allowed to grow with the cohorts of other species indicating 

the greater mortal response of the seedlings under interspecific 

competition. The results are in (Jonformity with the observe** 

tions of Friedman (1971) and Yadav & Tripathi (1982) on other 

plant species. The cohorts of G, ciliata. however, exercised 

more adverse effect compared to G, parviflora cohorts. Seedlings 

of G, parviflora experienced maximijm mortality when grown with 

25 days old cohort of G, ciliata. which was even larger than 

that observed with 50 days old cohort. This behavioiir may 

probably be attributed to fluctuation in degree of interference 

from the active phase (represented by 25 days old cohort) and 

passive growth phase (represented by 50 days old cohort) of 

G, ciliata. 

The growth of seedlings of the two species was generally 

retarded as shown in Table 4.13, due to the established cohorts, 

Established cohort of G. ciliata suppressed the growth of its 

own seedlings as well as the seedlings of G. parviflora, showing: 

that G. ciliata plays more important role in population 



Table 4.132 Percen tage r e d u c t i o n (-) or i n c r e a s e (+) i n v a r i o u s growth pa rame te r s of t h e two 
Gal insoga spp. when grown wi th t h e i r e s t a b l i s h e d p l a n t s of v a r y i n g age . 

Spec ies Parameter 
I I I I I 

Treatments'^ 

IV V 

G. c i l i a t a 

Leaf a r e a / p l a n t +3.2 +5-2 - 2 1 . 9 - 3 2 . 9 

Biomass /p lan t +7.1 +31.2 - 2 6 . 0 - 6 . 3 

Seed o u t p u t / p l a n t +4.9 +10.7 - 5 9 . 0 - 5 4 . 9 

Leaf a r e a / p l a n t +2.8 - 2 4 . 1 - 2 4 . 4 - 5 2 . 7 

G. p a r v i f l o r a Biomass /p lan t - 2 . 3 - 2 . 8 - 2 5 . 3 - 3 3 . 7 

Seed o u t p u t / p l a n t +13.8 - 4 . 3 - 5 6 . 0 -lOO.O 

VI 

-30.0 

-41.6 

-81.5 

-33.0 

-9.6 

-80.0 

VII 

-40.4 

-9.8 

-78.7 

-34.2 

-27.0 

-90.4 

-:«• The treatments II— VII are described under "Materials and Methods". 

vc 
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regulation of these two weeds* The greater regulatory influ­

ence of G. ciliata may be attributed to its frequent branching 

and faster growth which cast more shade in pots. Thus, the 

availability of light to the newly born seedlings' may be 

curtailed to cause suppression in growth. The argument finds 

support from Andel & Rozeaa (1974) who observed keen cornpeti-

tion for water between seedlings and adults of Chamaenerion 

angustifolium. as a consequence of which nutrient uptake by 

the seedlings was adversely affected. Relatively lesser 

reduction in seedling growth of both the species caused by 

£• psurviflora cohorts may be attributed to their erect habit 

and open canopy. Seedlings of G. ciliata exhibited better 

growth than those of G. parviflora in all the treatments, 

showing that the latter species is more susceptible to ccanpe-

tition frcMn the established cohorts of either species. This 

also indicates that the two weeds have differential demand for 

light to sustain them, 

The adverse effect of the established cohort on repro­

ductive growth of the two weeds is also apparent from the 

results. The reproductive allocation in G, ciliata was not 

reduced to that extent as in G. parviflora suggesting that the 

former species is relatively better adapted to competitive 

situations than the latter. In general, the reduction in 

reproductive performance of both weeds was a function of the 

age of the established cohorts. However, G, parviflora grown 

with 25 days old cohort of G. ciliata showed nil fertility and 

the survivors remained in the state of 'resistance to inanition' 
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a phenomenon described by Chippindale (1948), whereas some 

flowering took place when it grew with 50 days old cohort of 

G, ciliata. 

The experimental results suggest that G. ciliata might 

exercise strong regulatory influence not only on the newly 

recruited seedling cohorts of G, parviflora but also on its 

own seedling population, both through increased death and 

plastic reduction in seed production of the surviving plants. 

However, in nature where the species diversity is more, some 

other associated species might also be suppressing the growth 

°^ !£• ciliata rendering it weaker and so, the regulatory 

influence of this weed on G. parviflor^ as revealed in the 

present experiment could be assigned to be of lesser consequence. 



CHAPTER V 

Effect of sowing density, sowing pattern and soil moisture 

and texture on population regulation of G, ciliata and 

G. parviflora 
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INTRODUCTION 

Annual or #jpheraeral species reproducing solely by 

seeds where the individual plants may be easily defined served 

as ideal organisms for population studies (Harper, 1977). The 

reproductive output of such species can also be exactly assessed 

in the varied environments which prevail in the field. Seed 

output from a population depends on the seed population in the 

soil and the germination and subsequent fate of individuals at 

various stages of the life cycle. 

The population response of certain species to gradients 

of environmental factors including moisture has been studied in 

nature (Redmann, 1975) and in e3q)erimental conditions (Muller-

Dombois & Sims, 1966). The effect of density and moisture 

levels on plant populations has been emphasized by various 

workers (Hickman, 1975; Snell & Burch, 1975; Foulde, 1978; 

Rahman & Rutter, 1980). Eesides these, the pattern of sowing 

also affects the plant populations as reported by Linhart (1976). 

/Thus the present study aiims to examine the population response 

of the two annual weeds, G. ciliata and G, parviflora. in 

(gelation to population density, pattern of sowing and soil 

moistvire and texture. 

MATERIALS AND METHODS 

A large number of mature seeds (cypselae) of each of the 

two weeds was collected from the natural populations growing on 

the campus of the School of Life Sciences, North-Eastern Hill 
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University, Shillong and stored in paper bags.}{The viability 

of seeds as tested by terazolium solution (Misra, 1958) was 96%, 

in G. ciliata and 100% in G. parviflora^ /Seeds of uniform size 

(weight per thousand seeds was 225 ± 2.2 mg in G. ciliata and 

267 i, 2.6 mg in G. parviflora) were sown in plastic pots (21 cm 

inner diameter and 19 cm depth with a hole on the bottom) filled 

with two types of soil viz., clay loam (clay 34%, silt 20% and 

sand 46%) and sandy loam (clay 18%, silt 10% and sand 72%). The 

nitrogen, organic matter and pH of the two soil types are given 

ill Table 5»1. Nitrogen was estimated by thia K,jeldalal method 

Table 5.1: Initial nitrogen and organic matter content (%) and 

pH of the two soil types (means > S.E.). 

Soil type Nitrogen Organic matter ^ 

ClV loam soil 0.2 + .01 3.5 + 0.2 6.2 + 0,1 

/Sandy loam soil 0.3 + .01 3.3 + 0.1 5.7 + 0.2 ) 
^̂  - - '- / 

(Jackson, 1962) and orgaruLc matter by rapid titration method 

(v/alkley & Black, 1934)./ iO, 30, 90 and 270 seeds of a given 

species were sown in each pot on April 13 and 14, 1980, These 

sowing densities are equivalent to 300, 900, and 2700 ,?jid 8100 

seeds/m . In order to see the effect of sowing pattern, the 

seeds were either sown in scattered but regular fashion or they 

were cl\jmped in groups of 10 seeds with the help of appropriate­

ly drilled paper masks. /After seed sowing, the soil was mois­

tened by supplying each pot with 300 ml of tap water. Subse­

quently, two moisture regimes (high and low) were maintained 
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throughout the experiment by watering the pots daily and at ten 

days interval. The experimental design consisted of 2 species 

X 4 seed sowing densities x 2 sowing patterns x 2 soil textiures 

X 2 moisture regimes x 3 replicates, thus involving 192 pots. 

The pots were completely randomised and kept in an unheated and 

polythene roofed greenhouse (range of temperature, 16-38^05 mid 

day light intensity, c.28,5 x 10^ lux). In addition 4 pots, 

for each of the two moisture regimes, were kept as controls to 

estimate the germinable background biiried seed populations of 

the two weeds in the soil used in the experiment. 

Seedling emergence in each pot was observed on every 

fifth day uqpto May 9, 1980 i.e. for 25 days from the date of 

sowing after which the seed germination practically ceased to 

occur. The number of survivors and fertile plants per pot, and 

number of capitula and seeds per reproducing plant and per unit 

area were estimated in August 1980 after 17 weeks from the 

start of experiment when a maoority of the reproducing plants 

had matured and completed seeding. After recording the above 

observations, the plants were excavated whole, wsished thoroughly 

to remove the soil particles adhering to the roots, and oven 

dried at 80*»C for 72 h and weighed for biomass estimation, 

Analysis of variance and t-test were used, wherever 

necessary, to test the statistical significance of the results. 

The pattern of sowing significantly affected only seed 

germination and plant survival. Consequently, for all the other 
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parameters presented the data for sowing pattern have been 

pooled, 

RESULTS 

Seed germination and plant sxirvival 

The seedling emergence in control pots was negligible 

( <1 per pot). Seed germination showed a negative correlation 

with sowing density on both types of soil and with moistiire 

regimes (Fig, 5,l). Both the species showed significantly 

(p<0.05) enhanced seed germination due to clumping of sown seeds 

in almost all the treatments except in the case of G., parvi flora 

seeds sown in clay loam soil at high moisture level (Fig. 5il). 

Although seed germination in both the weeds was better in the 

sandy loam soil, only for G, parviflbra was this soil effect 

significant. Of the other treatments moisture stress caused 

significant (p<0.05) reduction in seed germination of 

G, ciliata in clay loam soil, G, parvi flora also showed a 

similar response but only at high sowing density (Fig. 5.1), 

G. ciliata showed better survival than G, parviflora in 

almost all the treatments althougiasignificant differences 

(p<0.05) were observed only at low sowing density in the sandy 

loam soil (Fig, 5,2), G. parviflora. however, showed better 

survival in clay loam soil. Moisture stress and increased 

seedling density caused increased mortality in both the species 

(Fig, 5.2), Mortality was also related to pattern of sowing, 

In general, the seedling siorvival of G, ciliata was better 
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where the seeds were sown in scattered fashion (p<0,05) with 

the exception in sandy loam soil at low moisture level (Fig. 

5.2) but in G. parviflora this effect of scattering was observed 

only at low sowing density, 

Growth and Phenology; 

In both species plants in the high moisture regime were 

taller and reached maturity earlier than plants grown in the low 

moistiire regime. At low sowing density (10 seeds/pot) and high 

moisture regime, plants grown in ssindy loam soil showed better 

growth. Flowering in both species took place earlier at high 

moisture level; on average G, ciliata flowered 32 days and 

G. parviflora 8 days earlier. However, there was no significant 

effect of sowing density on flowering time of the two weeds. 

Reproduction by survivors: 

Most of the surviving plants at low sowing density 

(10 seeds/pot) reached matixrity and produced seeds (9®^ in 

G. ciliata and 15) to 80% in G. parviflora) . But as the popula­

tion density increased the fertility percentage decreased 

(Fig. 5.3), At low moisture regime, a significant (p<0#05) 

reduction in fertility was observed (Fig. 5.3). The soil 

texture had no significant effect on reproduction but in the 

low moisture regime both weeds tended to show greater fertility 

when grown in the sandy loam soil. 
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Capitula production: 

Number of capitula/pot increased with increase in 

density but at high densities (beyond 30 seeds/pot in 

G. parviflora and 90 seeds/pot in G. ciliata) (the value 

declined (Fig, 5,4), In moisture stressed situations, the 

production of capitula was substantially reduced and the 

variation due to increase in density was almost negligible. 

S» ciliata produced significantly greater (p <0,05) nijmbers 

of capitula than G, parviflora. In general, the production of 

capitula in both species was higher in sandy loam soil than in 

clay loam (Fig. 5,4) but the differences were significant 

(p <0,0l) only in the case of _G. parviflora at high moistxara 

level, 

Average number of capitiola per reproducing individual 

in both species decreased with sowing density and moisture 

stress (Table 5,2), At high moisture level G, parviflora 

produced a significantly (p <0,05) greater number of capitula in 

sandy loam soil than in clay loam but ĵt low moisture level the 

differences due to texture were small* In G, ciliiŜ ta, however, 

soil texture had no significant effect. 

Seed production: 

Total seed output per pot increased with sowing density 

and moisture level in both species (Fig, 5,S) but decreased at 

high densities. The increase in seed, output with sowing density 

VO M^ 
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Table 5,2: Mean capitula per reproducing plant of G. ciliata and G, parviflora grown from 

different sowing densities at two soil moisture regimes and textures. 

Spec ies 
Clay loam s o i l Moi«?- > î.ay j.oaui SUJLX Sandy loam s o i l 

t u r e Sowing d e n s i t i e s pe r p o t Mean Sowing d e n s i t i e s pe r po t Mean 
regime 10 30 90 270 + S.E. 

G. c i l i a t a 
High 8 .4 7.0 5 .9 

Low 3.0 2 .4 2.1 

3 .4 6.2+1.1 

1.5 2 .3+0.3 

High 
G. parviflora 

Low 

5.9 5.4 2.3 

2.5 

1.6 3.8+1.1 8.7 9.9 3.8 

1.6 1.4 1.3 1.7i0.3 3.2 2.7 1.6 

Mean +S.E. 4.9 4.1 2.9 1.9 
+1.4 +1.3 +1.0 +0.5 

5.6 5.4 3.2 
+1.5 +1.8 +1.0 +0.4 

2,5 6.2+1.8 

1.1 2.1+0,5 

2,0 

Source of variation 

Species 

Moistiore regime 
Soil texture 

Species x moisture regime 

Moisture regime x soil texture 

Species x soil texture 

Probability Source of variation Probability 

Not significant Soil texture Not significant 

<0.0l Density Not significant 

Not significant Soil texture x density Not significant 

Not significant Error Not significant 

Not significant 

Not significant 

Species x moisture regime x soil texture Not significant 
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up to the optimum level was more marked at high moisture level, 

Seed production over the four sowing densities was also 

influenced by the soil.i moisture level. G, ciliata produced 

maximum seeds at a sowing density of 90 seeds/pot while in 

SL» Parviflora the maxima were attained at a sowing density of 

30 seeds per pot at the high moistijire regime, and at 90 seeds/ 

pot \md&r the low moisture regime. In general, both 

the weeds tended to produce more seeds when grown in sandy 

loam soil but only G, parviflora showed a significant 

difference (p<0,0l) although only at the high moisture level / 

(Fig. 5.5). 

Seed output per reproducing plant of G. parviflora 

showed greater variation with population densities and moisture 

levels than G. ciliata (Fig. 5.6), Seed production/plant of 

G. parviflora increased significantly (p<0.05) in sandy loam 

soil over that in the clay loam at high moisture level. V/ith 

increase in population density, there was a mctrked decrease in 

number of seeds per reproducing plant in both species. 

The mean number of seeds per capitulum in both species 

did not show any significant variation with sowing density, 

soil texture or moisture level (Table 5.3). However, 

G. parviflora showed a decreasing trend in number of seeds per 

capitulum with increase in population density. 

1 Moisture stress and ii^aRawBAng sowing density caused 

significant (p <0.01) reduction in seed output/input ratio in 
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Table 5.3^ Mef̂ in number of seeds per capitulum of G. ciliata and G, pyviflora grown from 

different sowing densities at two soil moisture regimes and textures. 

Species 

G. ciliata 

Mois­
ture 
regime 

Clay loam soil 

Sowing densities per pot Mean 
10 30 90 270 +S.E. 

High 17.6 17.0 16.8 17.5 17.2+0.2 

Low 15.7 17.2 16.5 15.8 I 6 . 3 i 0 . 3 

Sandy losjn s o i l 
Sowing d e n s i t i e s p e r p o t Mean 

10 30 90 270 +S .E . 

18.8 17.2 16.5 15,3 15 .9+0.7 

18.6 18.8 16.2 16.1 17 .4+0.7 

G. p a r v i f l o r a 
High 29 .0 26.-8 27 .0 24 .0 27.2+1.0 

Low 26.5 25.0 24 .6 24 .0 25.0+0.5 

Mean +S.E. 22 .2 21.5 21,2 20 .3 
+ 3.2 j^2,6 +2 .7 ±2.2 

28.5 26,6 26 .2 24,0 26 ,310 .3 

26 .3 26 .3 26 .0 25 .0 25 .9^0 .3 

23 .0 22.2 21 .2 20.1 
+2.6 +2.5 . +2 .8 +2.5 

Sourice of v a r i a t i o n 

Spec ies 

Moisture regime 

Soil texture 

Species x moisture regime 

Moisture regime xnsoil texture 

Species x soil texture 

Probability So\arce of variation Probability-

4 0.01 Soil texture Not signific=Lnt 

Not significant Density Not significant 

Not significant Soil texture x density Not significant 

Not significant Error Not significant 

Not significant 

Not significant 

Species x moisture regime x soil texture Not significant 

o 
-p-
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both, the species (Table 5.4). The ratio was greater in sandy 

loam soil than that in clay loam soil for both the weeds. 

However, the effect of interaction of any two factors was 

insignificant with the exception of moisture regime x soil 

texture, 

Reproductive effort 

Reproductive effort expressed as the mean number of 

seeds/g biomass (Bazzaz & Carlson, 1979) showed a negative 

correlation with increasing population density in both species 

(Fig, 5.7). However, the value of G. ciliata was relatively 

higher than that for G, parviflora, the difference being signi­

ficant (p<0.05) at all densities in clay loam soil and at low 

densities in sandy loam soil at high moistiore level. ,̂ he 

moisture iStress caused a significant reduction (p<0,Ol) in 

reproductive effort of both species irrespective of soil tex­

ture. G. parviflora showed greater reproductive effort in 

sandy loam soil as compared to clay loam in the high moisturej 

regime (Fig. 5.7). 

Total biomass: 

! Total biomass/pot of both species increased with popula-

tion density (Fig. 5.8) but this was not proportional with 

increase in density, ^ y increase in-;density beyond 16 plants/ 

pot resulted in either constant or reduced biomass per pot bf 

G. parviflora (Fig, 5.8). Populations of both weeds grown in 

sandy loam soil gave significantly (p^0,05). bettor yield than 



Table 5.4: Seed output/input ra t io of_G. c i l i a t a and G. parvifIqra in re la t ion to sowing density 
at two . 

Species î ois-
^ ture 

regime 

High 
G. ciliata 

Low 

High 
G. parviflora 

Low 

30il moi sture 

Clay 
Sowing den£ 
10 30 

54.8 

6.6 

35.4 

4.4 

Mean -:- S.E. 25.3 
+ 12.1 

Source of variation 

Species 

Moisture regime 

Soil texture 

Species x moisture regime 

21.2 

2.5 

13.5 

1.8 

9.8 
i4w6 

regimes and 

loam 
3ities 

90 

9.6 

1.0 

4.2 

0.6 

3.9 
+2J1 

textures. 

soil 
per pot Mean 
270 IS.S. 

2.9 

0.3 

1.0 

0.2 

1.1 
+0.6 

Prol 

Not 
< 

21.1+11.5 

2.6+1.4 

13.517.7 

1.8+0.9 

Dability 

significant 

0.01 

< 0.05 

Not significant 

Sandy 1 
Sowing dens 
10 30 

71.7 23.6 

9.9 4.1 

68.9 27.6 

5.7 3.2 

cam soil 

ities per pot 
90 270 

9.6 

1.4 

6.5 

1.2 

39.0 14.6 4.7 
+18.1 +6,4 +2.0 

Source of va. 

Soil texture 

Density 

Soil texture 

Error 

2,6 

0.4 

1.7 

0.3 

1,3 
+0.6 

riation 

X density 

Mean 
+ S.E. 
ISM 

26.8+15.5 

3.912.1 

26.2115.3 

2.611.2 

Probability 
< 

< 

Not 
Not 

0.05 
0.01 

. significant 

. significant 

Moisture regime x soil texture 
Species x soi l texture 

<0.05 
Not significant 

Species x moisture regime x soil texture Not significant 

o ô  
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in the clay loam soil. Moisture stress caused a significant 

reduction in total biomass (p<0,05). 

Total biomass/plant successively decreased v/ith increase 

in population density (p<O.Ol) (Table 5.5). Biomass/plant of 

G, parviflora was significantly (p< 0.05) higher than that of 

£• ciliata. The biomass per plant of G. parviflora was greater 

in sandy loam than in clay loam soil. Moisture stress caused a 

significant reduction (p<0,Ol) in plant biomass of both weeds 

but the decrease was more pronounced in case of G. ciliatê  at 

high density (Table 5.5). 

DISCUSSION 

Results on seed germination in relation to sowing density 

indicate that increased seed input to the soil does not always 

ens\ire the same degree of increase in seedling population. Such 

reductions in seed germination provide a regulatory mechanism to 

populations as has been argued by Palmblad (1968a). According 

to Harper (1961) and Yadav & Tripathi (1981), seed germination 

and establishment of a pMnt species is determined by the inter­

action of soil seed bank and available "safe microsites". 

Relatively poor germination of both weeds in this study at low 

moistiire level signifies the role of soil moisture in their 

germination. The increased germination of clumped seeds, as 

seen in the experiment, has also been observed for several dttier 

plant species (Ballard, 1958; Linhart & Pickett, 1973; Linhart, 

1976; Waite & Hutchings, 1978). 'Conversely, in certain spacies, 



Table 5.5°. Total biomass (mg) per plant of G. ciliata and G. ^arviSlo^ grown from different 

sowing densities at two soil moisture regimes and textures. 

Species 

G. ciliata 

G. parviflora 

Mois­
ture 
regime 

High 

Low 

High 

Low 

Clay loam soil 

Sowing densities per pot Mean 
10 30 90 270 fS.E. 

Sandy loam soil 

Sowing densities per pot 
10 30 90 270 

Mean 
+ S.E. 

82.9 80.3 62.1 38.9 

59.2 4 l , 5 31.2 22.9 

132.2 90.4 72.5 52.4 

81.2 49.6 39.2 38.4 

Mean +S.E. 88.8 65.4 51.2 38.1 
+15 .4+11 ,8 +9.6 +6.0 

66.0+10.2 85.1 72.3 64.5 58,2 

38.f+ 7.8 60.5 45.3 41.6 25.6 

86.8+17.0 153.4 124.4 78.5 57.9 

52.1+10.0 102.3 81.7 44.9 37.2 

100.3 81.1 57.4 34.7 
+ 19 .6+16.3 i.8.6 +8,0 

70.315.8 

43.2+7.1 

103.5121,6 

66.5+15.3 

Source of variation 

Species 

Moisture regime 

Soil texture 

Species x moisture regime 

Moisture regime x soil texture 

Species x soil texture 

Probability 

<0.05 

<0.01 

Not s ign i f i can t 
<0 .05 

Not s igni f icant 
Not s ign i f ican t 

Source of v a r i a t i o n 
Soil texture 

Density 

Soil texture x density 

Error 

Probability 

Not significant 

< 0.01 

Hot significant 

Not significant 

Species x moisture regime x soil texture Not significant 

o 
CO 
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seed clumping results in decreased germination (Palmblad, 

1968a; Linhart, 1976). The positive germination response to 

clugiping of seeds has been attributed by Linhart (1976) to 

physiological factors (possibly through production of certain 

chemicals) and/or to the combined force of several simulta­

neously growing radicles that may help them emerge. Relatively 

better germination of the two weeds in sandy loam soil as 

observed in the present study confonns with the findings of 

Waite & Hutchings (1978) and the probable cause may be the 

better aeration due to preponderance of larger pores which 

facilitate seedling emergence, 

Seed output from the population does not only depend on 

seed ir̂ jut but also on the events that control different 

physiological processes starting with the germination of the 

buried seeds to seed setting by the plants grown from these. At 

each stage of life cycle there may be successive elimination of 

individuals from the population either throiogh mortality or 

through poor growth. The plants showing plasticity may not all 

reproduce successfully as observed in the present study (Fig, 

5.3). Wastage of resources by non-reproducing individuals may 

be critical particularly in situations where the production of 

seeds is lesser than the number of seeds sown. If ncn-reprodu-

cing individuals persist for a long time as observed in the 

present study the maintenance of populations may be rendered 

rather more difficult. Very low production of seeds by both 

weeds at high sowing densities under low moisture level 
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resulting in low seed output/input ratio ( <l) demonstrates 

that the population regulation may depend on sowing density and 

soil moisture. In such cases the population size will keep on 

shrinking under environmental constraints. Mortality in the 

dense population grown at high moisture level occurred rela­

tively earlier as compared to the low density populations, which 

may be attributed to the shade cast due to better growth of 

early emerging individuals. This illustrates the significance 

of emergence time in seedling fitness as suggested by Ross & 

Harper (197*2), Ford (1975), Harper (1977) and Howell (1981). 

Seedling mortality in both weeds was observed to be density-

dependent (Fig. 5,2) indicating that the fate of an individual 

is determined by the space available to it, to feed upon the 

resources present there (Ross & Harper, 1972; Inouy^, 1980), as 

is also reflected by the better seedling siorvival under the 

scattered pattern of sowing. Self-thinning in response to 

increasing density as reported by earlier workers (Yoda jet aX», 

1963; Palmblad, 1968a; White & Harper, 1970; Tripathi & Gijpta, 

1980) was observed in the two weeds. 

Plastic reduction in reproductive growth of the two 

weeds caused by an increase in population density and moisture 

stress (Fig. 5.3) also imposes restrictions on further growth 

of their populations. Decrease in fertility with increasing 

population density has been reported in many species e.g. 

Agrostemma githaao (Harper & Gajic, 1961), Avena fatua and 

A. barbata (Marshall & Jain, 1969), Arabidopsis thaliana 

(Myerscough & Marshall, 1973) and Bothriochloa pertusa and 
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Pichanthium annulatum (Tripathi & Gupta, 1980). The reproduc­

tive effort of both weeds also declined at high sowing densities 

which conforms with earlier results pertaining to decrease in 

production of seeds and propagules due to increase in population 

density observed in Tussilago farfara (Ogden, 1974), 

ChamaesYce hirta (Snell & Burch, 1975), Sorghum halepense 

(Williams & Ingber, 1977) and B, pertusa and D, annulatum 

(Tripathi & Gugta, 1980). Reproductive output per unit area 

varied with density at high soil moisture level while at low 

moisture level it remained almost constant over a range of 

densities which indicates that both i^ecies of Galinsoga 

growing in dense populations on relatively drier habitats in 

field conditions may show restricted seed production. 

The i*espozase of the two weeds to changes ̂4^-soil mois­

ture and texture and increasing pqpulation density reveals that 

these factors affect seed germination, seedling survival and 

growth of siirviving individuals in varying degrees. The yield 

per imit area increased with the population density in 

G, ciliata but in G. parviflora it was almost levelled off at 

D-g (Fig. 5,8) showing that G. ciliata may absorb a greater 

stress caused by density increase. However, the yield of 

G, ciU^ta showed greater reduction due to decrease in soil 

moisture with increased proportion of sand in soil •fehus indicar* 

ting differential response of the two weeds to soil moisture 

and textxjire. The population of potential offspring of the two 

weeds is also regulated due to restriction imposed by these 

factors on niiraber of reproducing individuals and seed production 
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as has HISO been argued by Harper (1977). For example, soil 

moisture stress caused so much reduction in seed pDodiiction 

that • the -seed' output was even less than the number of seeds 

sown, especially at high densities (Fig, 5.5). The reduced 

proportion of sand in the soil caused 50% reduction in seed 

production particularly in G, parviflora thus indicating the 

gigHificance of soil texture in population regulation. Such a 

reduction in seed output may be mediated either throijgh low 

nitrogen content of the clay loam soil (Table 5.1) as has been 

observed by Tripathi & Yadav (1982) in case of Euoatorium spp., 

and/or through reduced level of available soil moisture in clay 

rich soils (Kramer, 1969). The effect of various physical 

factors was exaggerarted at high population densities which shows 

that the severity of intraspecifj c competition coupled with the 

environmental constraints operating at different stages of the 

life cycle contributes a great deal to the population regula­

tion of these weeds. 



CHAPTER VI 

Effect of density and soil nitrogen on population regulation 

of Galinsoga spp, growi in pure and mixed stands-
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INTRODUCTION 

Role of density in population regulation of plants has 

been emphasized by Sukatchev (1928), Tadaki & Shedei (1959), 

Harper & Gajic (I96l), Yoda et al. (1963), Myerscough & 

Marshall (1973), Harper (1977) and Tripathi & Yadav (1982) and 

its effect on the reproductive capacity has been studied by 

Tripathi (1966), Palmblad (1968a), Khan & Bradshaw (1976), 

Williams & Ingber (1977), Watkinson & Harper (1978), Weiss 

(1978), Barkham (1980), Tripathi & Gvpta (1980) and White & 

Hutchings (1982), but not much attention has been paid to the 

studies on inter-plant variation in pure and mixed population 

at varying density levels. Stern (1965) and Obeid et al. 

(1967) found that populations initially showing a normal dis­

tribution of plant weights, later developed a skewed distribu­

tion and the skewness was exaggerated at high population 

density. It has been shown that biomass density relationship 

in pure populations follows the -3/2 power law of Yoda ̂  al. 

(1963). Later, it was observed that the -3/2 power law is also 

applicable in case of mixed population of morphologically 

similar species (White & Harper, 1970) . Bazzaz & Harper (1975) 

tested the thinning law using mixed populations of two 

contrasting species grown at two fertility levels. 

It was thought that a study of the response of pvre apd 

mixed populations of two cohabiting species to soil nitrogen and 

population" density co\ild bo interesting, • Thus the-present stnSy 

was • made lining ̂the two sympactrlc anniial weads viz,, .Qpl^psio^::: 
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c i l i a t a and G. p a r v i f l o r a . B e s i d e s , t h e i r p o p u l a t i o n r e g u l a ­

t i o n and c o - e x i s t e n c e i n n a t u r e have a l s o been d i s c u s s e d i n 

l i g h t of i n t e r - p l a n t v a r i a t i o n i n weight and c a p i t u i a produc- , 

t i o n , 

MATERIALS AND METHODS 

/Mature seeds of G. c i l i a t a and G. p a r v i f l o r a were 

c o l l e c t e d i n November 1980 from n a t u r a l p o p u l a t i o n s growing i n 

S h i l l o n g . These seeds were a i r d r i e d and s t o r e d i n po ly thene 

bags a t room t empera tu re (12°C-18°C), 

The experiment was des igned as a f a c t o r i a l of 4 d e n s i ­

t i e s of t h e two s p e c i e s a t two s o i l n i t r o g e n l e v e l s i n pure and 

mixed s t ands w i t h t h r e e r e p l i c a t e s . The seeds were sown i n 

p l a s t i c p o t s ( i n t e r n a l diam. 21 cm wi th a b a s a l hole fo r 

d ra inage) on 6 Apr i l ,1981 t o r a i s e t h e pure and mixed popu la ­

t i o n s . Af ter s e e d l i n g emergence, t h i n n i n g was done on 26 ^ r i l 

1981 t o ge t t h e four d e n s i t i e s v i z . , 4 , 12, 36 and 108 p l a n t s 

p e r p o t ( e q u i v a l e n t t o 120, 360, 1080 and 3240 p l a n t s pe r m ) , 

By t h i s t i m e , s e e d l i n g s of bo th t h e s p e c i e s were c l e a r l y 

d i s t i n g t j i s h a b l e (by t h e p re sence of h a i r s on body su r f ace s of 

2» cilfi^'^'^ ^^^ t h e i r absence i n case of G. p a r v i f l o r a ) • I n 

m i x t u r e , each of t h e two s p e c i e s c o n t r i b u t e d ha l f of t h e t o t a l 

d e n s i t y i n t h e p o t and t h e i r s e e d l i n g s were a l t e r n a t e l y arranged. 

Each po t was f i l l e d wi th 4 kg of homogeneously mixed a i r d r i e d 

sandy s o i l . The n i t r o g e n ':'OTitent of t h e p e t s o i l as es t imated 

by Kje ldah l method ( Jackson , 1962) was found t o be 0.18% which 
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represented low soil nitrogen level. High nitrogen level was 

created by mixing 20.62 g ammonium nitrate per pot before 

sowing, which raised the soil nitrogen content to 0.36?̂ « 

The experimental pots were kept in the net house 

roofed with polythene sheets for protecting against r tin. Each 

pot was supplied 250 ml of tap water on alternate day, through­

out the experimental period, which was found appropriate to 

keep the soil reasonably moist without causing any leaching of 

nutrients. 

At the end of h month long experimental period, thG 

observations were made on number of survivors and fertile 

plants per pot and number of capitula and seeds per raproducing 

plant and per unit area. (Per plant and per pot biomass was 

also estimated. For biomass estimation the individual plants 

were excavated from pots, washed thoroughly with running water 

and then weighed. 

Regression co-efficients were calculated betveen number 

of survivors per pot and mean dry weight per plant and between 

number of survivors and nijmber of capitula per plant of the two 

Keeds in pure and mixed populations at two nitrogen levels. The 

frequency distribution of weight and capitula classes were' 

plotted at density 12, 36 and 108. Based on the range of 

variation, ten weight classes and eight capitula classes were 

recognised in both weeds ax a given density. 
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RESULTS 

Plant mortality; 

There was no mortality at density 4 and 12, but at 

higher densities both weeds showed mortality which tended to 

increase at high nitrogen level (Fig, 6.1), G. parviflora 

experienced greater mortality than G, ciliata. The two species 

generally showed either equal or increased survival in mixtiH'e 

as compared to the corresponding pure population, Hov;ever, 

G, parviflora grown at highest density showed slightly lower 

survival in mixtiire than in monoculture (Table 6,l). 

Biomass accumulation: 

Biomass per plant of both weeds decreased with increase 

in population density but the regression co-efficients were 

considerably lower than the theoretical value of -1.5 as predic­

ted by the thinning law (Fig. 6.2). Irrespective of soil 

nitrogen, the two weeds showed relatively greater value of 'r' 

in mixture than in pure. Frequency, distribution curves for 

biomass were close to the expected normal distribution at 

density 12, but further increase in density resulted in skewed 

distribution (Fig. 5,3). The skewness of biomass distribution 

was more marked in G. parviflora than in G, ciliata. However, 

increased soil nitrogen reduced the degree of plant biomass 

skev/ness in both weeds 



Fig, 6.1; Plant mortality o-f G» ciliat% (C) and 

G. parviflora (P) in relation to soil 

, nitrogen and population density in pure 

and mixed stands. The filled columns 

represent pure stand and open columns 

mixed stands. 
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Table 6,1i Percentage increase (+) or decrease (-) in survival, 
yield and seed output of G. ciliata and G. parviflora 
in mixed populations as affected by population"density 
and soil nitrogen levels, 

Soil 
Nitro­
gen 
level 

Density 
per pot 

G. ciliata 

Survival ^ield 

G. parviflora 
Seed Survival Yield Seed 
output output 

Low 

High 

4 

12 

36 

108 

4 

12 

36 

108 

+0 

+8 

+ 14 

0 

0 

.06 

.04 

0 

0 

.73 

0 

-7.96 

-1-6. 

+28, 

+ %3. 

+2, 

+ 25. 

+46. 

.02 

.23 

.20 

.39 

.77 

.19 

+36.84 

-20. 

+43. 

+ 77, 

+92. 

.43 

.10 

.05 

,23 

0 

+59. .24 

+69.59 

+61. .58 

0 

0 

+ 11. 

-2. 

0 

0 

+29. 

-9. 

11 

.15 

,44 

,07 

+ 10, 

+ 13. 

+42. 

-12. 

+ 0. 

-»-o, 
+0, 

-28, 

.74 

.28 

.23 

.96 

.56 

.49 

.85 

.46 

-39. 

-26. 

— 4 , 

-11. 

-39. 

-3. 

.90 

.78 

.01 

,55 

.38 

.57 

-47.74 

-17. .64 



Fig, 6,2: Relationship between per plant biomass and 

number of survivors of G. ciliata and 

G, parviflora as affected by soil nitrogen 

level and stand nature,. Continuous lines 

represent the value in pure stands and 

broken lines in mixed stands, 
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Fig, 6.3: Frequency distribution of plant biomass ox 

G. ciliata and G, parviflora in relation to 

soil nitrogen and population density in pure 

and mixed stands, C and P represent the pure 

populations of G. ciliata and G, parviflora 

and M represents the mixed stand. 
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Per pot yield in pure population of G, ciliata was 

maximum at density 36 and 108 at low and high nitrogen levels 

respectively while in G. parviflora the corresponding maxima 

were recorded at density 12 and 36 (Fig. 6.4). The combined 

yield of the two weeds in mixture was maximum at density 36 

irrespective of soil nitrogen,H In general, both species exhi­

bited better yield when grown either at high nitrogen level or 

in mixture with the exception of G. parviflora grown at highest 

density, where it showed c.13% and 29% reduction in yield in 

mixture vis-a-vis its yield in pure at low and high nitrogen 

levels respectively (Table 6.1). Percentage contribution of 

the two weeds to the mixture yield was also modified by density? 

at low density (D,) G. parviflora contributed more than 5096 of 

total yield, but with increase in density the percentage 

contribution of G, ciliata increased so much so, that at high­

est density (D^QQ) it contributed 2/3rd and 3/4th of the total 

yield in mixtiire under low and high nitrogen regimes respect­

ively (Table 6.2). 

Percent^e fertile plants: 

Percentage fertile plants in both weeds decreased with 

increasing density (Fig. 6.5), but the decrease was much more 

pronoimced in G. parviflora. In contrast to G. parviflora. 

£• ciliata population showed greater fertility percentage when 

grown either at high nitrogen level or in mixture. 



Fig. 6.4; Total yield per pot of G. ciliata and 

S* pa.rviflora in relation to population 

density and soil nitrogen level in pure 

and mixed stands. Triangles and circles 

respectively represent the value of 

G. ciliata and G, parviflorae rectangles 

represent the value in mixed stands. 
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Table 5,2: Percentage contribution of G. ciliata and .. 

G, parviflora in mixed population yield and seed 

output as affected by density and soil nitrogen level, 

Soil Nitrogen 
level 

Low 

Density 
per :pot 

4 

12 

36 

108 

G. ciliata G. parviflora 
Yield Seed Yield Seed 

output output 

46,33 

52.00 

59.41 

66.22 

54.54 

78.45 

77.43 

82.32 

53 .67 

48.00 

40.59 

33.78 

45.46 

21.55 

22.57 

17.68 

High 

4 

12 

36 

108 

39.39 

50.00 

62.31 

77.09 

44.26 

6ls-00 

76.52 

84.25 

60.61 

50.00 

37.69 

22.91 

55.74 

39.00 

23.48 

15.75 



Fig. 6.5s Percentage fertile plants of G. cilia,ta and 

G. parviflora in relation to population 

density. Triangles represent G. ciliata 

and circles G, parviflora; continuous 

lines for pure stands and broken lines for 

mixed stands. 
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Capitula production: 

Number of capitula per plant declined with increasing 

density but the regression co-efficient was far lesser than the 

theoretical value (Fig. 6.6). Both species observed higher *r* 

value in mixture than in pure except in the case of 

G. parviflora grown at low nitrogen level. Frequency distribu­

tion of capitula of the two v;eeds showed increased skewness with. 

increase in density (Fig. 6.7). Pure population of 

2* parviflora exhibited greater skewness than G. ciliata but •. 

the skewness was less apparent when the two weeds were grown 

either together or at high nitrogen level. 

Seed production; 

The effect of various treatments on number of seeds per 

capitulum of the two species was insignificant. In both weeds, 

per plant seed output decreased with incJSease in population 

density and decrease in soil nitrogen (Table 6.3), the decrease 

being more conspicuous in G. parviflora. G. ciliata produced 

greater number of seeds in mixture than in pure while 

2» parviflora showed the reverse trend. 

Seed production per pot increased in pure population of 

2' ciliata with increasing density particularly at high nitro­

gen level while in G. parvi flora the value declined with any 

increase in density beyond 12 plants per pot (Fig. 6.8). Both 

species produced much greater number of seeds at high nitrogen 



Fig, 6.5: Relationship between niimber of capitula per 

plant and density of siirvivors of 

G. ciliata and G, parviflora as affected by 

soil nitrogen in pure and mixed stands. 

Explanation of the symbols is same as in 

Fig. 6.2. 
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Table 6.3: Number of seeds per plant (+_S.E.) of G. ciliata and 

G, parviflora in pure and mixed stands as affected 

by population density and soil nitrogen levels. 

(Figures in bracket represent L.S.D. values rat P=»0.05). 

S o i l 
N i t r o ­
gen 
l e v e l 

/ 

Low 

High 

Dens i ty 
p e r p o t 

^ 

12 

36 

108 

L .S .D. 

k 

12 

36 

108 

L.S .D. 

G. c i 

Pure 

422+38.2 

405+11.9 

158+12.7 

8 1 ^ 3 .4 

(103) 

774+31.1 

572+ 6.8 

254+. 8 .7 
• 

1331 3.1 

(124) 

l i a t a 

Mixture 

357+47.5 

580+ 9 .8 

262+10.1 

1151 ^ ' 7 

(64) 

753157.6 

896115.7 

353132.1 

180112.2 

(208) 

G. p a r v i f l o r a 

Pure Mixturf 

495+^3.2 

272128.1 

1281 8 .9 

54110.0 

(97) 

15661243.0 

631155.8 

410+Zt4.i 

10413.1 

(316) 

297181.0 

174126.5 

126110.1 

681 5.1 

(98) 

9491161.8 

5781101.2 

200129.6 

130114.2 

(205) 



Fig. 6.8: Total seed oî put of G. ciliata and 

^« parviflora as affected by soil 

nitrogen and population density in 

pure and mixed stands. Explanation 

of the symbols is same as in Fig. 

6.4. 
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Table 6,4s Peig^^ttfeage abort ive cap i tu l a per pot of G. 9 i l l a t a and 
G. pa rv i f lo ra in pur.e and mixed stands as affected 
by populat ion density and s o i l ni t rogen l eve l s , 

So i l Nitrogen 
l eve l 

Low 

High 

Density 
per pot 

G, ciliata 
Pure Mixture 

4 
12 
36 
108 

4 
12 
36 
108 

0 
0 
0 
0 

0 
0 

0.9 
1.8 

0 
0 
0 
0 

0 
0 
0 
0.4 

G. ̂ ar 
Pure 

0 

0 

7v3 

11.9 

1.6 

3.2 

7.4 

20,2 

^viflor^ 
Mixture 

0 

9 
0 

5.8 

0 

2.2 

17.4 

31.6 

Table 6,5*. Crude reproductive effort of G. ciliata and 
G. parv4.flora in pure and mixed stands as affected 
by population density and soil nitrogen levels, 

Soil Nitrogen 
level 

Low 

High 

Density 
per pot 

4 

12 

36 

108 

4 

12 

36 

108 

G. 

Pure 

14.3 
19.5 

13.9 

17.9 

14.5 

19.1 
13.6 

10.9 

ciliata 

Mixture 

11.-3 

26.2 

27.5 

39.1 

13.9 
22.8 

15.4 

14.4 

G. parviflora 

Pure Mixture 

10.1 

8,1 

7.1 

7*3 

10.4 

9.2 

8.9 

5.1 

6.4 

4.3 

6.3 

6.4 

6.1 

8.7 
4.8 

4.9 
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mortality at high fertility level has also been reported by 

Yoda et al. (1963), White & Harper (1970), Nobel et al. (1979) 

and Tripathi & Yadav (1982) in other species. At highest 

density, increased mortality of G, parviflora in mixture over 

that in monoculture (Fig. 6,l) depicts the importance of 

G, ciliata in population regulation of the former species in 

nature where the two weeds often grow together in dense popula­

tions. 

Although the density increase caused considerable reduc­

tion in per plant biomass of the two weeds, /the regression 

co-efficients were far smaller than the expected values showing 

that the thinning did not occur as a direct result of growth as 

has been argued by Hutchings & Barkham (1976) and Mohler et ajl. 

(l978). Comparatively greater skewness of frequency distribu­

tion of biomass in G, parviflora may be linked with the greater 

competitive suppression in its growth at high density. The 

reduced skewness of biomass distribution at high nitrogen regime 

as observed in the present study conforms with the observations 

of Bazzaz & Harper (1976) for Sinapsis alba and Lepidium sativum. 

Such a behavioxar may be attributed to greater supply of nitrogen 

which in turn might reduce the intensity of competition. This 

is also indicated by an increased yield per pot of both species 

at high nitrogen level, 

A comparison of response of the two weeds to increasing 

density revealed that G, parviflora is more susceptible to 

density increase. At low density the yield of both species 



125 

r e g i s t e r e d an increase i n mixture over t h e i r corresponding piire 

s tand y ie lds but a t highest densi ty i n the mixed populat ions, 

2* c i l i a t a became dominant over G, pa rv i f lo ra and reduced the 

y i e ld of the l a t t e r , i n i s might explain as to why the two weeds 

a re seen growing qui te well i n -sparse populations i n na ture , 

wh-ereas the dense populat ions are l a rge ly dominated by 

G. c i l i a t a » 

Decreased f e r t i l i t y of the two species i n dense pecula­

t i o n s conforms with the similair response of several other 

species (Palmblad, 1968a; Williams & Ingber, 1977; WatKinson & 

Harper, 1978; Weiss, 1978; Tr ipathi & Gupta, 1980; Tr ipa th i & 

Yadav, 1982). This may be a t t r i b u t e d to in tense competition at 

high densi ty which i n t u r n reduces the number of p l an t s a t t a i n ­

ing threshold biomass reqioired to s t a r t flowering as argued by 

Thompson & S e a t t l e ( l 9 8 l ) . In cont ras t to G. pa rv i f l o r a . a 

corresponding increase i n percentage of f e r t i l e p l an t s i n the 

case of G, c i l i a t a grown a t high ni t rogen level and i n mixture 

r e f l e c t s b e t t e r reproductive growth of i t s population i n n i t r o ­

gen-r ich s o i l and i t s competitive super io r i ty over the other 

spec ie s . 

In both species frequency d i s t r i b u t i o n of c ^ i t u l a was 

more skewed than t h a t of biomass which may happen because the 

y i e ld and reproductive growth do not necessar i ly march hand i n 

hand as argued by Donald (1963) and Clay & Shaw (1981). Like 

biomass, the frequency d i s t r i b u t i o n for cap i tu la was a l so 

r e l a t i v e l y more skewed i n case of G, pa rv i f lo ra than G. g i l i a t a 
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dhov/ing the greater susceptibility of the former species to 

density stress. However, the mixture of the two species exhi­

bited lesser skewness which might make their co-existence in 

nature a little easier. 

Although the two weeds produced substantially greater 

number of seeds at high nitrogen level, they differed in their 

response to interacting influence of soil nitrogen and crowding. 

At low nitrogen level seed output of the two weeds tended to 

decline with any increase in density beyond optimum while at 

high nitrogen level G. ciliata showed constant increase in seed 

output with density, indicating that on nitrogen rich habitats 

increase in density does not restrict the seed production by 

G, cilia|.tê « The results also suggest that the initiation of 

capitula development in both species depends upon the factors 

that favour biomass accxjmulation while their further growth 

probably reqxiires different conditions as has also been 

observed by Tripathi & Yadav (1982) for Eupatorium spp. 

One might expect the competitive milieu of an organism* 

to have certain effects on reproductive allocation. 

G, parviflora exhibited the inverse relationship between 

population density and crude reproductive effort as observed 

by Ogden (1974), Snell & Burch (1975), Abrahamson (1975), 

Holler & Abrahamson (1977) and Hickman (1977), while the CRE 

of the other species when grown at low nitrogen regime , 

increased with density, which suggests that with incrtase in 

severity of competition the population of G. ciliata devotes 
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more resources to reproduction, a response exhibited by certain 

other species under stressed condition (Gadgil & Solbrig, 1972| 

Hickman, 1975). The CRE of one weed was also influenced by the 

presence of the other. In contrast to G, ciliata» G, paryiflora 

showed lower CRE value in mixture than in monoculture sugges­

ting that G. ciliata exercises a strong regulatory effect on 

the population size of the other weed. Such a strategy adopted 

by G, ciliata co\:5)led with its competitive superiority and 

better reproductive growth in mixed population enables this 

weed to dominate over G. parviflora in dense populations in 

nature. However, the subtle differences in plastic response of 

the two species to interacting influence of the population 

density, soil nitrogen and competition between them as observed 

in this study enables the two weeds to co-exist in nature. 



CHAPTER VII 

Effect of herbivory on competitive interaction and growth, of 

G, ciliata and G. parviflora populations 
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INTRODUCTION 

Although herbivory has been reported to play a s i g n i f i ­

cant r o l e i n the evolution and populat ion dynamics of p lan t s 

( G i l l e t t , 1962; Ehrl ich & Raven, 1964; Fraenkel, 1969; Feeny, 

1976;»%oades & Gates, 1976), r e l a t i v e l y l i t t l e i s known about 

i t s spec i f ic e f fec ts on th'e growth and reproductive success of 

p l a n t s barr ing those belonging to the category of crops# 

Moreover, v i r t u a l l y nothing i s known about the e f fec ts of i n t e r ­

ac t ion between herbivory and congeneric competition (Harper, 

1977). I t has been shown by several workers (eg . Coll ins & 

Aitken, 1970; Maun & Cavers, 1971; Rockwood, 1973; Gates, 1975; 

Janaen, 1976; Waloff & Richards, 1977; Stephenson, 1978; Lee & 

Bazzaz, 1980) t h a t manual c l ipping of fol iage causes reduced 

seed and biomass production. But the response of p l an t s t o ; 

such simulated de fo l i a t ions cannot be equated to the effect of 

herbivory which p reva i l s i n na tu ra l condi t ions. 

An inves t iga t ion in to herbivory of weedy species may be 

p a r t i c u l a r l y helpful i n evolving an in tegra ted weed control 

programme by using se lec ted b io log ica l control agents . While 

studying the populat ion dynamics of G, c i l i a t a and G, pa rv i f lo ra 

i t was noticed t h a t i n f i e ld condit ion t he populations of these 

weeds^'itfere adversely affected due t o predat ion by the fo l iage-

^ ^ f e e d i n g herbivores ( s lug- Mariael la dussumieri Gray. Pulmonatar 

JLriophantidae and some Lepidopterons). This prompted to study 

tH^ re la t ionsh ip between these herbivores and t h e i r host , 
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G. ciliata and G. parviflora. by transplanting the experimental 

plants into natural environment and by exposing them to natural 

populations.of herbivores. This study was carried out to 

examine: (i) the effect of the herbivores on the fitness of the 

two weeds which are predated i^on by them; (ii) whether the 

degree to which the herbivores reduce plant fitness is in any 

way dependent on the pure and mixed nature of the populations; 

(iii) the effect of herbivory on the competitive success of the 

weeds. 

MATERIALS AND METHODS 

The study was conducted in the experimental field under 

the thin canopy of the pine stand on the campus of the School 

of Life Sciences, North-Eastern Hill University, Shillong, 

between May to September 1981. One half of the experimental 

field was protected against hetbivores by alxjminium net (net 

size = 0.64 Bttn ) covering, which gave a growth chamber of 

2.5 X 2.0 X 1,0 m capacity and the other half was left uncovered, 

to allow free activity of the herbivores. These two treatments 

have been henceforth referred as the protected and unprotected 

plots in the text. In each of the two plots, twelve subplots 
2 

of size 25 x 25 cm were de: 

subplot distance was 30 cm. 

2 
of size 25 x 25 cm were delineated in such a way that inter-

Mature seeds of the two weeds, collected from the road­

side populations at Shillong in November 1980 were separately 

kept for germination in shallow trays filled with sandy soil at 
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25 i .3''C in BOD incubator. The seedlings were allowed to grow 

in the trays for 3 days, afterwhich they were transplanted to 

the experimental plots on 22 May, 1981. The pure and mixed 

populations of the two weeds were ritfled to give an overall 

density of 36 plants per subplot (equivalent to 575 plants/m ), 

the inter-plant distance being 4 - 5 cm. In mixed population, 

each of the two species had 18 plants per subplot representing 

50% of the total density and the individuals of the two species 

were planted alternately. The treatments consisted of the pure 

populations of G. ciliata and G. narviflora and 1:1 mixture of 

the two weeds in both protected and unprotected conditions. 

There were 4 replicates for each treatment and the subplots 

under a given condition were completely randomized. Each sub­

plot was sprayed with equal amount of water on requisite date 

throughout the study period. -

The observations on number of plants damaged by herbi­

vores and finally died in each subplot, were made and compared 

with the corresponding protected plots. In order to evaluate 

the effect of feeding damage, a regular and frequent observe 

tion on the nianber of leaves produced by individual plant and 

leaf area existing at the time of observation was made. For 

estimation of leaf nxjmber and leaf area 8 plants per subplot 

in pizre and 8 plants of each species per-,subplot in mixture 

were tagged randomly and their fate was followed. However, the 

data presented on leaf number and leaf area per plant are means 

of observations recorded from only 24 plants per treatment->ag. 

some of the tagged plants also died during experimental period. 
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Besides, a monthly observation was made at dusk to have an idea 

about the abundance of herbivores, which is given in T̂ ible 7.1. 

After A- months growth when the plants attained maturity, 

the numbers of capitula and seeds per plant and per unit area 

were estimated. For dry matter estimation the plants from the 

plots were excavatad whole, the root system was washed thorough­

ly with a fine jet of running water and the component plant 

parts were separated, oven dried at 50°C to constant weight and 

weighed. 

RESULTS 

Percentage damâ ge and plant mortality: 

Although both weeds were considerably damaged by the 

herbivores and shc\tfad an increased mortality in the plot where 

plants were exposed i|o predation, G. parviflora sxiffered more 

due to herbivory in both pure and mixed stand (Table 7.2). 

Vegetative growth; 

(a) Leaf production: The plants of G. ciliata subjected to 

herbivory produced more leaves than those protected from it, 

while in the case of G, parviflora though in piire stand there 

was substantial increase in leaf number per plant due to 

herbivory, in mixture a sharp decrease was observed (Fig. 7.l). 

However, G. parviflora produced greater number of leaves than 

G. ciliata. 
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Table 7.1: Density {per pu6M) of herbivore of Galinsoga spp. 

observed in the unprotected plots during study 

period, 

Herbivores 
8 Jion. 

Observa t ion d a t e s j 1981 
12 5u l* 112 Aug* 4 Sep-

M a r i a e l l a dussumier i Gray 1.75 
P i e r i s napi (L inn . ) 0 .60 
H e l i o t h i s a rmigera Hbn. 0 .0 
P l u t e l l a macul ipennis C u r t . 0 . 0 
Noctuid l avae 0 .0 
U n i d e n t i f i e d 0 .33 

2.25 
0.66 

0.84 

0.0 

0.66 

0.75 

1..16 

0,0 

0.75 

1.25 
1.50 

1.08 

0,84 

0 .0 

0.0 

1.50 

2.17 

1.33 

Table 7 . 2 : Ex ten t of damage and m o r t a l i t y (+S.E.) of Galm^gifian>. 

as a f f ec t ed by he rb ivo re p r e d a t i o n i n pure and mixed 

p o p u l a t i o n s . 

Spec ies ^f^^^ 
s t a n d 

G. a i l i a t a 
Pu re 

Mixture 

P r o t e c t e d p l o t 

Damage 

0 

0 

M o r t a l i t y 
Unprotected p l o t 

Damage M o r t a l i t y 

14.311.4 64 .314 .2 24 .613 .4 

12.714.2 60 .313 .6 22 .213 .1 

Pu re 
G. p a r v i f l o r a 

Mixture 

0 

0 

15.110.8 72 .214 .6 37 .3+2,9 

15.9+1.6 71.3+5.1 41 .2+1.6 



Fig, 7.2: Leaf area per plant of G. cillata and 

G, parviflora in pure and mixed stands 

as affected by the herbivore predation. 

Explanation of the symbols is the same 

as in Fig. 7.1. 
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Table 7.3: Percentage reducation in leaf are§i, seed and dry 

matter production per plot of G. ciliata and 

£• parviflora as affected by herbivore prodation 

in pure and mixed populations. 

Species 
Dry 

Nat-ure of Leaf area Seed output matter 
stand yield 

G, ciliata 

G. parviflora 

Pure 

Mixture 

Pure 

Mixture 

26.9 

21.2 

47.8 

60.9 

30.6 

24.0 

39.2 

60.0 

13.6 

11.8 

31.9 

53.9 



Fig, 7.3: Replacement series diagram based on biomass 

per pot of G. ciliata and G, parviflora as 

influenced by the herbivory. Explanation 

of the symbols; triangles represent yield by 

2.' cilJ-̂ "ba and circles by G. parviflora; the 

filled circles represent combined yield in 

mixed standj vertical bars represent S.E, 

values. 
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Table 7.4; Reproductive behaviour and biomass (mg) of G. cillata 

as affected by herbivore predation in pura pcad mixed 

populations. 

Character 
Protected plot 

Pure Mixture 

Unprotected plot 

Pure Mixture 

No. of capitula/plant 

No. of seeds/plant 

Biomass/plant 

Source of variation 

Stand 

Eredation 

Stand x predation 

E r r o r 

13.5 14.2 

247.7 260.1 

648 .7 759.2 

P r o b a b i l i t y 

C a o i t u l a 
•N^S. 

< 0 . 0 5 

N . S . 

N.S . 

Seed 

< 0 . 0 5 

< 0 . 0 5 

N.S. 

N.S . 

11.5 12.4 

196.0 220.3 

639.2 751.4 

Biomass 

<0 .05 

N.S . 

N.S. = Not significant. 

Table 7.5: Reproductive behaviour and biomass (mg) of G, parvi-; 

flora as affected by herbivore predation in pure and 

mixed populations. 

Charac te r P r o t e c t e d p l o t 

P u r e Mixture 

Unprotec ted p l o t 

Pure Mixture 

No. of c a p i t u l a / p l a n t 
No. of s e e d s / p l a n t 

Biomass /p lan t 

Source of v a r i a t i o n 

S tand 
P r e d a t i o n 
Stand x p r e d a t i o n 

E r r o r 

9 .7 
242.7 
659.6 

G a p i t u l a 

N.S. 

< 0 . 0 5 
<0 .03 

N.S. 

10, 

251. 
728, 

.7 

.2 

.0 

8. 

187, 
600. 

.0 

.5 

.0 

P r o b a b i l i t y 
Seed 

N.S . 

<0.05 
<0 .05 

N.S. 

5 .8 

140.3 

489.3 

Biomass 

N.S. 

<0 .05 

<0 ,05 
N.S. 

N.S . = Not s i g n i f i c a n t . 
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Reproductive growth: 

(a) Phenology; Flowering and fruiting in G. ciliata .̂ as not 

influenced either by stand nature or by herbivore predation, 

while in case of G. parviflora the plants grown in mixture and 

subjected to predation flowered 20 days -later than the protec­

ted plants. However, all the plants surviving in the plots 

flowered during the study period irrespective of herbivory. 

(b) Seed production; Per plant capitula and seed production of 

the two species was considerably reduced due to herbivore preda­

tion (Table 7.^ & 7.5). The capitiila mortality was, however, 

nil. Both weeds produced more capit-ula and seeds in mixture 

than in pure except in G. parviflora in the mixed population 

subjected to predation (Table 7.5)» 

Seed production per plot also exhibited similar trend 

(Fig. 7.4), but the reduction due to herbivory was more marked 

in G. parvlflfera especially in mixed population (Table 7.3). 

Resoiirce allocation: 

G. parviflora allocated relatively greater biomass to 

roots as compared to G, ciliata. while the latter allocated more 

resources towards reproduction (ffig. 7.5). Herbivory caused 

reduction in resource allocation to leaves in both weeds while 

the root allocation was reduced only in G. parviflora. Howevi^r, 

the resoiorce allocation of the two weeds was independent of stand. 

composition, 



Fig. 7.̂ « Replacement series diagram (based on seed 

output per pot) of G. clliata and 

G. parviflora as influenced by the herbivory. 

Explanation of the symbols is the same as in 

Fig. 7.3. 

Fig. 7,5: Dry matter allocation of G. ciliata and 

G. parviflora to different plant parts as 

affected by herbivory and nature of the stand. 
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DISCUSSION 

A fairly high fraction of the natural papulations of both 

species of Galinsoga was damaged by the herbivores which caused 

defoliation of plants. The reproductive success of such popuIa~ 

tions was greatly reduced and mortality increased. Feeding damage 

by herbivores has also been reported to cause plant mortality in 

other species (Chatters & Schlehuber, 19511 Kulman, 19715 Dixon, 

1975; Rausher & Feeny, 1980). Relatively greater mortality risk 

in the young populations as seen in this study may be due to the 

fact that the defoliation caused by the herbivores in young stage 

of growth may render the plants incapable of synthesising enough 

assimilates required for the production of new leaves foi' their 

sustenance. This argument finds support from Janzen (l97l)« 

Further, more damage caused by the herbivores to G. parviflora 

may be attributed to its higher content of triterpenes, saponins, 

tanins, flavonoids and glucosides which mate it more preferable 

for the phiTtophagous insects and other herbivores (Plekhanova 

-et ̂ .., 1977). 

Herbivore feeding caused significant reduction in dry 

matter production of the two weeds as has been observed by 

Jameson (1963), Kulman (1971), Bentley & Whittaker (1979) and 

Whittaker (l982) in other species. Comparatively greater reduc­

tion in biomass of G. parviflora may be linked with its prefe­

rential feeding by the herbivores, especially in the mixed popur-

lations where the- defoliation might reduce the competitive 

ability of G, parviflora. thus forcing it to occupy a subordinate 

position. In the mixture, the leaf number and leaf area per 

plant of this weed were also radudvSd* However, both species 
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registered an increase in foliage production in response to 

defoliation showing a strategy to cope with herbivory (Owen & 

Wiegert, 1976), In contrast to the observation made by Caldwell 

et al. (198I), the present study depicts that a species which 

produced greatest foliage surface suffered most from herbivory, 

A reduced amount of photosynthetic tissues of 

S* Parviflora in the mixed population, not only caused decrease 

in its own yield (Fig.7.3) but also conferred competitive 

advantage on G, ciliata. Less than one ( <1) RYT value obtained 

in the unprotected plots is in conformity with the earlier works 

(Windle & Franz, 1979). In another study (Chapter VI) it was 

observed that G. ciliata did not show competitive superiority 

over G. pf^iflora in the mixed population even at a density 

level of 810 plants/m , while in the present study G. ciliata 

proved to be a stronger competitor than G. parviflora at a lower 

density (576 plants/m ). This suggests that under the influence 

of herbivores, G. parviflora may suffer in competition with 

•£• ciliata in moderately dense populations. 

A substantially reduced seed output of the two weeds 

when exposed to predation signifies the role of herbivory in 

their population regulation. The plants exposed to herbivore 

feeding have a much lower chance of reaching reproductive phase 

and of producing seeds, than does a plant protected from herbi-

tnary, especially in G, parviflora where predation caused delay 

in flowering. A similar delay in the onset? of reproduction 

consequent on defoliation has been observed by Collins & Aitken 
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(1970) in Trifolium subterraneum and by Dirzo & Harper (l980) 

in Cap sella b\xrsa-pastorisf Further, the situation would have 

been still worse if the seed predation, as reported in other 

species (Davidson, 1977; Borchert & Jain, 1978; Brown etal., 

1979)» had also occurred in these weeds. 

As has been found for other plant species (Ellison, 

1960; Jameson, 1963; Bentley;;& Whittaker, 1979; Rausher & 

Peeny, 1980), the reduction in root allocation due to defolia­

tion was obser*ved in G, parviflora but not in G. ciliata. Such 

a reduction in root allocation may be attributed either to: 

(i) the transportation of plant resources that are used to 

produce new leaves after defoliation from the roots or (ii) 

reduction in the total amount of photosynthate that is transpor­

ted to the roots for storage due to decrease in growth rate as 

a consequence of defoliation. However, the data do not help in 

determining the relative importance of these alternatives in 

resource allocation to the roots. 

The results indicate that herbivory has an important 

role to play as a biorregulator of plant populations, although 

the two weeds attempted to cope with it either by producing 

more leaves or by maintaining the aboveground biomass at the 

expense of the roots. Both the species are palatable but 

slightly more preference was observed for G, parviflora« as a 

result of which the other component in the mixture i.e. 

G. ciliata becomes more competitive in the predated plots, 

while in the absence of herbivory G. parviflora was not 
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suppressed by G. ciliata* It has been argued (Sibma et a^X,, 

1964; Windle & Franz, 1979; Lee & Bazzaz, 1980) that a suscep­

tible or preferred species is affected more severely by herbi­

vore when it occurs simultaneously with interspecific competi­

tion. This seems to be largely true with .G, parviflora which 

manages to co-exist with G. ciliata in the herbaceous communi­

ties in nature but occupies a subordinate position. Herbivory, 

thus assumes a great significanceas a factor deciding the out­

come of competitive interaction among plant species and it may 

contribute a great deal to the population regulation of certain 

weedy species like G, parviflora. 



CHAPTER VIII 

Effect of light intensity and 2,4-D on the Galinsoga 

populations 
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INTRODUCTION 

Among the herbicides, 2,4-D has been most widely used 

for controlling the dicot weeds. Any attempt to control a 

species throiigh chemical means miast take into consideration the 

effect of the herbicides when implied at different stages "of 

plant life, A few interesting studies have been made by 

Mc Ilrath & firgle (1951) and Klingman (1953) on the effect of 

2,4-D applied at different growth stages of cotton and wheat 

plant respectively. Khosla (1969) studied the effect of 2,4-D 

on growth of seedlings of some weedy species. Although the 

effect of 2,4-D on weeds has been studied by various workers^ 

the effect of other environmental factors such as light Int&o^ 

sity in conjunction with 2,4-D on population regulation of 

weeds has not been studied intensively. 

In the present study an attempt has been made to 

evaluate the effect of two concentrations of 2,#-D and light 

intensity both singly and in combination on the population 

growth of two cohabiting annual weeds, G. ciliata and 

G. parviflora. As the two weeds exhibiti,Dk>re than one seedling 

cohorts emerging at different times (Usami, 1976), the popular 

tions are likely to be represented by the individuals of 

different age groups. The experiment was, therefore, extended 

to study the effect of 2,4-D when applied at different stages 

of growth of the two weeds. 



142 

MATERIALS AND METHODS 

The experiment was conducted in an unheated polythene 

roofed nethouse whr.oh was partitioned into two compartments. 

The roof and two sides (east^and west^facing) of one of these 

compartments was covered with coarse cloth from inside for 

reducing the solar radiation to 75% of that available in the 

other compartment which was uncovered. The experimental plants 

grown in the two compartments were thus exposed to reduced and 

normal light conditions, henceforth referred to as the low and 

high light regimes. 

Freshly collected seeds of G. ciliata and G. parviflora 

were separately sown in experimental pots (21 cm dinm, with a 

basal drainage ftiole) on 5 March 1982 and the each pot was 

supplied with equal amount of water. After seedling emergence 

population was thinned down to 20 per pot on 15 March 1982, 

The aqueous solution of 2,4-D was sprayed in two concentrations 

on two different stages of plant life. The two herbicide 

concentrations (low and high) were 3 mg per pot or 0.9 kg per 

hectsire and 6 mg per pot or 1,8 leg per hectare and the two 

stages of plant growth were seedling and flowering stage. The 

dates of herbicide application were March 25 and May 4, 1982, 

On each date of herbicide application 3 pots of either species 

imder each of the two light regimes were sprayed with respective 

concentrations of 2,4-D, Thus 2 concentrations of 2,4-D x 2 

times of application x 2 light regimes x 3 replicates = 24 pots 

was the experimental plan for each of the two species. Besides 
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these, 3 extra pots for each of the two light regimes were kept 

as control where 2,4-D was not sprayed. 

The number of survivors and fertile plants per pot and 

number of capitula and seeds per plant and per unit area were 

detennined in July 1982 after 18 weeks from the start of the 

experiment when majority of the capitula had matured and 

completed seeding. After recording the above observations, 

plants were liprooted whole and leaf area was measured. The 

biomass was determined by drying the plant material to constant 

weight in a hot air oven at 80®C for 48 h. 

The mature seeds harvested from each pot were kept in 

labelled polythene bags and were weighed in lots of 50 seeds per 

sample for estimating the crude reproductive effort (Harper & 

Ogden, 1970). The seed viability was tested by using 0.1% 

aqueous solution of tetrazolium chloride (as outlined by Misra> 

1968). 

Data were statistically analysed and LSD and 3S. values 

were calculated. 

RESULTS 

Plant survival: 

Both species showed greater survival under high light regime 

where 2,4-D was not sprayed, but in the pots sprayed with 2,4-D 

G* oiliata showed better survival in low light regime (Fig, 8«l), 



Fig, a»1: Plant survival of Q, ciliata and 

G, parvif lora in relation to coricenti-ation 

and time of application of 2,4-D under two 

light regimes. Explanation of the symbols; 

circles represent high light regime and 

triangles low light regime; open symbols 

for the application of 2,4-D at seedling 

stage and filled symbols at flowering stage, 



Gciiiata Ggaryrtlora 

1.8 0 . 0.9 18 
2, 4 - 0 concentration (kg / hectare) 

Fig.8-1 
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Application of 2,4-D at seedling stage caused relatively 

greater mortality which increased at the higher concentration, 

However, mortality of the two weeds in response to 2,4-D was 

far less iinder lov; than at higher light regime. The higher 

concentration of 2,4-D resulted into death of all the plants 

of G. parviflora under high light regime while at low light 

intensity at least ^0% of them managed to siorvive, 

Biomass accumulation; 

Per plant biomass of the two species decreased due to reduction 

in light intensity, the effect being more conspicuous in 

G. parviflora (Table 8.1), The reduction in plant biomass was 

direct function of 2,4-D concentration. The low concentration 

of 2,4-D sprayed during flowering caused much more reduction 

in biomass as compared to that applied in seedling stage, but 

the higher concentration showed reverse trend. The effect of 

2,4-D was more pronounced under high than under low light 

regime, 

Total yield of both species decreased with increased 

2,4-D concentration and decreased light intensity, the decrease 

being more pronounced where 2,4-D was applied at the seedling 

stage (Fig, 8,2). G. ciliata was less affected than the other 

species due to change in light intensity, and G. parviflora 

was comparatively less affected by the 2,4-D treatments. 

Although 2,4-D application at the flowering stage caused 

reduction in biomass of the two weeds at low light regime, 

the effect did not differ due to the herbicide concentration. 



Table 8 , 1 ; Biomass p e r p l a n t (mg +S,E. ) of G. c i l i a t a and G. parvi_flora as 

a f f e c t e d by t ime and c o n c e n t r a t i o n of 2,4-D a p p l i c a t i o n and l i g h t 
i n t e n s i t y . 

T j^ L,t ^ ° ^ c o n c e n t r a t i o n High c o n c e n t r a t i o n 
S p e c i e s ,.^^._^„,.+^ Cont ro l Seed l ing Flower ing Seed l ing Flowering 

i n x e n s i x y ^^^^^ ^^^^^ ^^^^ ^^^^^ 

G. c i l i a t a 
High 516.6+21.4 430.7+16.6 377 .1^12 .8 0 .0+0.0 200.8+24.6 

Low 313.8+18.5 250.0+26,1 234.6+22.2 0 .0+0.0 146.2+13.5 

High 645.9+28.4 572 .7 i20 .6 557.1+18.9 0 .0+0.0 320.0+21.3 
G. o a r v i f l o r a - - •> ^ 

""^ ^ ^^^ 350.8+16.2 233.3+14.6 224.4+17.5 205.C*.9.8 185.8+16.8 

-P-
VJl 



Fig. 8.2: Yield of G, ciliata and G. parviflora as 

affected by the concentration and time of 

application of 2,4-D under two light 

regiioes. Explanation of the symbols is 

the same as in Fig. 8,1, 
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Leaf area r a t i o ; 

In both weeds, leaf area r a t i o decreased a t irhe higher concen­

t r a t i o n of 2,4-D (Fig , 8 ,3 ) , but the decrease was more marked 

i n G,. c i l i a t a under the high l i g h t regime. G. c i l i a t a showed 

maximum leaf area r a t i o when g$own at low l i g h t regime without 

herbicide app l ica t ion . The reduced l i g h t i n t e n s i t y caused 

increase i n leaf area r a t i o i n other t reatments as wel l . 

G. p a r v i f l o r a exhibited maximtan leaf area r a t i o where 

the p l an t s were grown a t high l i g h t regime and were sprayed with 

low concentrat ion of 2,4-D a t seedling s t4ge. In contras t t o 

G. c i l i a t a . the leaf area r a t i o of G, pa rv i f lo ra decreased a t 

low l i g h t regime (Fig . 8 . 3 ) . 

Seed production: 

Seed output per p lan t and per pot i n both the species decreased 

with increased 2,4-D concentrat ion and reduced l i g h t i n t e n s i t y 

(Table 8.2 & 8 .3 , F ig . 8 .4 ) . In G. c i l i a t a the concentrat ion 

of 2,4-D reduced per p lant seed production by 10-fold compared 

with 3-fold decrease i n G. pa rv i f lo ra . The ef fec t of 2,4-D 

was much more pronounced on G. c i l i a t a whils t G, pa rv i f lo ra 

was more siffected by l i g h t . 

At low l i g h t regime, the redi:KJtion i n seed output of 

J5» pa rv i f l o r a due t o 2,4-D was i n s i g n i f i c a n t . However, the time 

and concentrat ion of 2,4-D spraying appear t o be qui te i s^or tant* 

The lower concentrat ion of 2,4-D applied a t the^^ i fed l i^ linage 



Fig. 8.3: Leaf area ratio of G. ciliata and 

£• parviflora as affected by the 

concentration and time of application 

of 2,4-D wider two light regimes. 

Explanation of tine symbols is the same 

as in Fig, 8.1, 



G. ciliata G. par vif (era 
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IS 
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Table 8.2: Average number of cap i tu la /p lan t , seeds/capitulum and 
seeds/plant and crude reproductive effect of G. c i l i a t a 
IS affected by 2,4-D appl ica t ion and l i g h t i n t e n s i t y as aiiec-

C+S.E.J. 

Light Concentra- Time of app l i -
i n t e n - t ion. ca t ion 
sity 

Capitula/ Seeds/ Seeds/ CRE 
plant capitu • plant 

lum 

High 

Low 

o (control) 

Lovt 

High 

o (control) 

Low 

High 

Seedling stage 

Flowering stage 

Seedling stage 

Flowering stage 

Seedling stage 

Flowering stage 

Seedling stage 

Flowering stage 

16.8+1.2 18.3+1.9 308+32.3 18,9 

5.q+0.6 14.3+1.6 72+8.9 5.9 

6.4+0.4 12.1+0,8 78^9.4 4,6 

4.0+0.3 9.2+1.6 37+5.3 4,2 

12.6+1.0 16.8+2,1 211+22.5 14,8 
3.(>0.6 15.7+1.9 47+6,1 4,2 
3.6+0.4 10.2+1,4 3714,8 3.5 

2.0+0.3 10.2+1.3 2012.6 3.1 

Table 8#3: Average number of cap i tu l a /p l an t , seeds/capitulum and 
seeds/plant and crude reproductive e f for t of G, parvi^ 
f l o r a aiS affected by 2,4-D appl ica t ion and l i g h t 
i n t e n s i t y ( iS .E. ) . 

Light Concentra- Time of app l i -
i n t e n - t i o n ca t ion 
sity 

Capitula/ Seeds/ Seeds/ CRE 
plant capit\>- plant 

lum 

m^ 

o (control) 

Low 
Seedling stage 

Flowering stage 

Seedling stage 

•̂ ^ Flowering stage 

o (control) 

Seedling stage 
Low Tm • -u 

Lo^ Flowering stage 

High 
Seedling stage 

Flowering stage 

12.3+1.8 26.312.0 323136,5 13,4 

8.6+0,9 27.512.1 236+22.8 10.5 

10.511.2 22.311.9 234123.6 9.1 

4.910.4 20.6+1.8 101115.2 7.8 

3.210.4 22.2+1.9 711 6.8 6.9 

2.910.3 22.812.1 66l 7,5 7.0 

2.610.3 22.111,3 571 ̂ •3 6.2 

2.0+0.3 21.211.3 421 5.4 5.2 

1.110.2 17.811.2 181 2.9 3.3 



Fig, 8.4: Seed output of G. ciliata and G. parviflora 

as affected by the concentration and time of 

application of 2,4-D under two light regimes, 

The symbols (H) and {IM) represent 2,4-D 

application at seedling and flowering stages 

respectively. Open bars represent the values 

in control treatment. 
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had much more reducing effect on the seed production than even 

the higher concentration used at the flowering stage. However, 

differences in seed output per pot was primarily due to diffe­

rences in number of x lowering plants londer these tueatments, 

Crude reproductive effort; 

Crude reproductive effort of the two weeds decreased at the 

higher concentration of 2,4-D and decreased light intensity 

(Table 8,2 & 8,3), Like other parameters, CRE «f G, ciliata 

was also more affected by 2,4-D than by light, while the other 

weed was more affected by light. However, the CRE of G. ciliatĝ  

was greater than G, parviflora, 

Seed viabilitvt 

Seeds collected from the plants grown ijnder the high light 

regime showed greater viability in comparison to those produced 

under the reduced light intensity (Table 8.4). The use of 2,4-D 

at the flowering stage caused greater loss of seed viability as 

compared to 2,4-D spray at the seedling stage. The viability 

was ftrther reduced with increasing concentration of 2,4-D, 

DISCUSSION 

The results suggest that the two weeds experienced 

greater mortality due to herbicide application and red?uction in 

light intensity. Increased mortality due to increase in 2,4-D 

concentration as observed in the present study has also been 
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Cable 8.4: Seed-v̂ aB-î î ty (̂ ) of G. ciliata and G. parviflora as 

affected by time and concentration of 2,4-D application 

and light intensity. 

J. . • . Low concentration High concentration 

^ inten- Control Seedling Flowering Seedling Flowering 
sity stage stage stage stage 

42 - 26 

56 - 40 

60 - 42 

61 62 34 

1 

i* 

-1 

High 
ciliata 

Low 

High 

parviflora 
Low 

94 

89 

1000 

64 

100 

86 

100 

78 
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reported by other workers (Das & Laloo, 1978), Such a response 

may be a t t r i b u t e d t o the increased poncentration of 2,4-D i n 

p l a n t body, which reduces the uptake of minerals from the s o i l 

(Cooke, 1957) and r a t e of photosynthesis (Loustalot & Muzilt, 

1953). The unfavourable ef fect of 2,4-D on these two physiolo­

g i c a l processes mi^ht cause p lan t morta l i ty and the seedling 

populat ions being most suscept ible suffered the heaviest 

mor t a l i t y . Rela t ive ly grea ter mor ta l i ty i n G. parv i f lo ra a t 

reduced l i g h t regime h ighl igh ts the in^ortance of l i g h t i n 

regu la t ing the population of t h i s weed, 

A subs t an t i a l reduct ion i n y ie ld of the two species 

i n response to the herbicide spray i s i n agreement with the 

observations made by Mc I l r i t h & Ergle (1952), Klingmfln(l953) 

and Bhan e t a l . (1970) on other p lan t species . Mc I l r a t h & 

Ergle (1952) a lso reported the maximum effect on seedl ings , 

which s\;qpports the observations of the present study, Comparar 

t i v e l y greater reduction i n per p lan t biomass of G, c i l i a t i due 

t o herbicide may be a t t r i b u t e d t o i t s hairyness which might 

f a c i l i t a t e the absorption of 2,4-D as argued by Klingman (1973). 

the milb ef fec t of 2,4-D under reduced l i g h t condit ion may be 

l inked with poor absorption of the herbicide under such condi­

t i o n s (Blackman & RoberW!unninghame, 1955; King, 1974). 

The two weeds responded d i f fe ren t ly t o ligttfc i n t ens i t y , 

At low l i g h t regime the leaf area r a t i o of G. ci l iata^ increased 

suTistantially, while i n G, pa rv i f l o r a a sharp decrease was 

observed. This sioggests t h a t G, c i l i a t a may grow successfully 
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in the areas receiving low light intensity, whereas 

S» parviflora sho>fs poor growth on such habitats. It has been 

suggested (Pandey & Sinha, 1977) that the species adapted to 

low light intensity show increase in leaf area ratiO with 

reduction in light intensity. Thus, G, ciliata may be 

considered as a r.̂ latively shade-tolerant species. 

Although both species showed plastic-reduction in seed 

output as a result of decreased light, the reduction was much 

greater in G. parviflora, indicating that both the species 

tend to respond similarly to light conditions, but dxiring the 

course of evolution they might have become adapted to different 

light intensities. 

The decrease in seed viability of the two weeds in 

response to herbicide application is in agteenient with the 

observations of Taylorson (1966), Powell & Taylorson (1967) 

and Maun & Cavers (1969) on other plant species. Crude 

reproductive effort of the two weeds also decreased due to the 

herbicide application and reduction in light. However, the two 

different concentrations of 2,4-D used at seedling stage had 

almost the same effect. Maun & Cavers (1969) and Dubey & Mall 

(1975) have also observed that different concentrations of the 

herbicide used either as preremergence treatment or at the 

seedling stage of plant do not exhibit differential effect in 

long run, 

It may be concluded that the application of 2,4-D at 

seedling stage provides an effective control measure for the 
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two weeds which not only showed heavy mortetlity but also 

exhibited suliatantial plastic reduction in reproductive growth. 

Further, the study reveals that the efflcaey of 2,4-D was 

modified by the light intensity and age of the weeds at which 

it w^s applied. Thus the population of these two weeds may be 

effectively regulated by the herbicide only when the environ­

mental factors (light in the present case) are favourable for 

herbicide action and the application is made at the vulnerable 

stage of plant development. 



General Discussion 
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GENERAL DISCUSSION 

The data on the dynamics and regulation of populations 

of the two species of Galinsoga presented in the preceding 

chapters, reveal the possible role of environmental factors 

operating at different growth phases to regulate their popula­

tion size. Both the weeds have a fairly high population of 

seeds in soil, of which a very small fraction could give rise 

to mature plants. This indicates that at each stage of life 

cycle there may be successive ejkiimination of individuals from 

the population either through mortality or through non-func­

tioning, 

Seed germination^udies in relation to seed sowing 

density of the two species (Chapter V) indicate that increased 

seed input does not always ensure the proportional increase 

in seedling population. Such reduction in seed germination 

provides regulatory mechanism to population as has also been 

argued by Palmblad (1958a). Harper (1961) and Yadav & Tripathi 

(198I) opined that seed germination and establishment of a 

plant species is determined by the interaction of soil seed 

bank and available 'safe microsite^'. In cropland situation. In 

spite of high seed population in soil, both weeds showed poor 

seed germination in 1981 (Chapter III) which may be due to 

increased density of associates. This is also confirmed by 

the results where the seeds introduced to established vegeta­

tion showed poor germinetion (Chapter IV), The decrease in 

seed germination of the two species due to associates may be 
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attributed to lack of enough 'safe-sites' (Harper & Gajic, 

1961; Tripathi & Dwivedi, 1978) and/or production of some seed 

germination inhibitors by the associated vegetation, r, 

Eupatorium ripariun and E, adanoohorum which grow as the 

dominant associated species on the study plots are known to 

have allelopathic effect on seed germination of the two weeds 

(Tripathi ̂  ^ . , 1981; Rai & Tripathi, 1982b). Further, the 

sowing of seeds of the Galinsoga species in clumps gave better 

germination, which might be accounted by the production of 

promotary chemicals and/or the combined force of simultaneously 

growing several radicles that may help them in emergence as 

suggested'by Linhart (1976). Besides, the abiotic factors such 

as moisture stress, soil texture (Chapter "V̂ ), low temperature 

during winter and reduced light have been observed to exercise 

considerable influence on the seed germination and growth of 

the two weeds. 

After emergence, seedlings have to face various environ­

mental hazards together with competition for resources, which 

reduce their establishment and growth as shown by density-

dependent mortality in the two weeds (Chapter V & VI). The 

high juvenile mortality caused by the environmental constraints 

has also been reported in other species by earlier workers 

(e.g. Williams, 1970; Hett, 1971; Sarukhan & Harper, 1973; 

Bazzaz & Harper, 1976; Yadav & Tripathi, 1981; Silvertown & 

Dickie, 198l), Pelton (1962) has identified various factors 

causing seedling mortality. In the present study vegetation 
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cover, predators, moistxire stress and reduced light appear to 

be the major factors contributing to heavy seedling mortality, 

The role of vegetation cover in seedling mortality is clearly 

established by the greater survivorship of G. ciliata and 

G, parviflora in cleared plots (Chapter IV). The release of alle-

Ibchetei&s- . from E, ripariim (Chapter IV), application of 

2,4-D (Chapter VIII) and predation by the slugs (Chapter VII) 

also affected the seedling survival of the two species. These 

observations indicate the role of these factors in population 

regulation of the Galinsoga species. 

The mortality of individuals continues even after the 

establishment of seedlings as indicated by Deevtfy's Type II and 

III survivorship curves. The mortality beyond seedling stage 

may be largely due to severe competition offered by the growing 

vegetation arid low temperature in winter season. In experimen­

tal condition too, both weeds exhibited severe mortality at low 

moisture regime which was exaggerated at high population 

density (Chapter V), iha suppressive effect of associates was 

so much that none of the seedlings of _G, parviflora survived 

over a 5-months study period. The increasing density of 

associates caused 20% reduction in light intensity which in 

turn might have resulted into severe mortality in the two weeds 

in cropland situation. The large effect of light is also 

confirmed by the severe plant mortality (especially in 

G. 23£viflor§) observed''.under the reduced light (Chapter VIIl), 

ihis is in agreement with observations of Tamm (1956) and Singh 

(1980) indicating poor establishment and survival in certain 
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other plant species grown/introduced into established communi­

ties. 

The seedling cohorts of Galinsoga species emerging 

earlier showed greater survivorship and lo-jigar half-li£e than 

the late emerging ones (Chapter III) as has "been observed by 

Sarukhan & Harper (1973), Hawthorn & Cavers (1976), Weaver & 

Cavers (1979) and Weiss (I98l) in other plant species. A 

similar observation was made in experimental condition too 

(Chapter IV), The chhorts of G, ciliata. however, exercised 

more adverse effect on later arriving cohorts, as compared to 

that of G, parviflora which indicates the relative importance 

of these weeds in regulating their own populations. Seedlings 

of G. parviflora experienced maximijm mortality when grown with 

25 days old cohort of G, ciliata which was even larger than 

that observed with 50 days old cohort. This implies the age-

dependent fluctuation in degree of interference which explains 

the greater survivorship of III cohort of G, parviflora relative 

to that of II cohort in the permanent quadrats (Chapter III), 

However, an experiment in which both species were grown in 

mixture at varied density and soil nitrogen levels reveals that 

at lower density the suppressive effect of G. ciliata on 

G, parviflora was not marked but as the density increased the 

former species caused mortality in the population of latter. 

This highlights the importance of G. ciliata in population 

regulation of the other species in nature where the two weeds 

often grow together in dense populations. 
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Sharitz & Mc Cormick (1973) suggested that the biotic 

factors regulate the population of Sedxjm smallii and Minuartia 

uniflora largely through thinning of individuals whereas the 

abiotic factors through st\anting of individuals. However, in 

the present study it was observed that the populations of both 

speuies of Galinsoga are regulated through heavy mortality 

caused by both biotic and climatic influences. The seedlings 

that manage to survive the unfavourable conditions, responded 

to biotic and abiotic factors mainly through plasticity in 

rest of their lives, 

Density had a negative effect on growth of G. ciliatŝ  

and G, parviflora. The reduced seed output/input ratio in 

crowded populations (Chapter V) indicates the self-regulation 

of populations of the two weeds. Further, the decrease in per 

plant yield and seed output of the two weeds due to crowding, 

as has also been observed by other workers in several other 

species (e.g. Yoda et al., 1963; White & Harper, 1970; 

Myerscough & Marshall, 1973; Tripathi & Gupta, 1980; Tripathi 

& Yadav, 1982), indicates the role of density in their popula­

tion regulation, A comparison of responses of the two weeds to 

increasing density reveals that G. parviflora is more suscepti­

ble to crowding as it showed relatively greater skewness in 

frequency distribution of biomass and capitula number as 

compared to the other species (Chapter VI). A plastic reduction 

in crude reproductive effort (CRE) of G. parviflora due to 

density increase also supports its greater susceptibility to 

crowding. Conversely, the CRE of G, ciliata increased with 
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density, suggesting that with increase in severity of competi­

tion it devotes more resources to reproduction, a response 

exhibited by other species under stressed condition (Gadgil & 

Solbrig, 1972; Hickman, 1975). 

The available soil moisture plays an important role in 

population regulation of the two species which reduced the seed 

output and biomass production so much that the interacting 

effect of density became negligible. However, the two weeds 

showed better growth and seed output in sandy loam soil at high 

moisture regime (Chapter V), thus indicating the role of soil 

texture and moisture in population regulation. Trivedi & 

Tripathi (1982b) have also observed better growth of Spergula 

arvensis in sandy soil at high moistiore regime. The study 

pertaining to interacting effect of soil nitrogen and popula­

tion density on seed production of the two weeds reveals that 

at low nitrogen level seed output of the two weeds declined at 

high population density, while at high nitrogen level 

G, ciliata showed constant increase in seed output with density 

(Chapter Yl) indicating that on nitrogen rich habitats increase 

in population density does not restrict the seed production by 

G, ciliata. 

Seed germination and seedling growth of both weeds was 

retarded when either treated with aqueous extracts of . i 

E, riparium or grown in soil amended with plant residue of 

E, riparium (Chapter IV), The poor growth of radicle and 

plumule caused due to inhibitory action of E. ripar|jUji| might 
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render the Galinsoga species weak enough to compete against 

E, riparium. and as such, the competitive and allelopathic 

effects of E, riparium would be a key factor in regulation of 

Galinsoe;a|. population. In natural popixLations the feeble growth 

and increased death of seedlings of the two species of Galinsoga 

introduced or. emerged in close vicinity of E. riparium may be 

partly attributed to the allelopathic effects of E. riparium. 

It is likely that some other plant species might also be 

involved in regulating the populations of Galinsoga species , 

through chemical means, but this remains to be investigated. 

However, there is enough evidence to show that allelopathy is 

an important factor in population regulation (Friedman et al.» 

1977j Parker & Muller, 1979? Rai & Tripathi, 1982b). Putnam 

& Duke (1974) and Lockerman & Putnam (1979) have clearly demon­

strated the role of allelopathic effects of cucumber (Cucumis 

sativus L.) in biological suppression of white mustard and weed 

populations. 

The herbivore predation on natural populations of the 

Galinsoga species caused seedling mortality and reduced the 

yield and seed output significantly, thus indicating the role 

of predation in the population regulation. Whittaker (1982) 

has reported a similar decrease in biomass production and plant 

survival of Rumex crispus in response to grazing by chrysomelid 

beetle. The results indicate that G. parviflora suffers more 

due to herbivory than G. ciliata. The preferential feeding 

of G. parviflora in mixed population not only caused decrease 

in its own yield but it also provided a competitive advantage 
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to co-existing G. ciliata. This is confirmed by less than one 

RYT value (RYT<1) in the unprotected plot compared to RYT 

greater than one (RYT>1) in protected plot. G. ciliata is, of 

course, a better competitor as revealed by the data in Chapter 

VI, the herbivory confers further competitive superiority on 

5» ciliata over G. parviflora in natural populations, where the 

former species was more dominant even in moderately dense popu­

lation, The visual observation of Babu (1977) on the relative 

abundance of the two species in nature is confirmed by the 

present study. 

The study pertaining to interacting effect of light and 

2,4-D concentrations (Chapter VIII) showed that al-fehough 

S» ciliata is greatly susceptible to 2,4-D, and G. parviflora 

to light, both the species exhibited poor growth when grown in 

bright light conditions and sprayed with high concentration of 

2,4-D at seedling stage. This suggests that effective control 

of these two species of Galinsoga by 2,4-D is possible only -.vhen 

an appropriate concentration of 2,4-D is sprayed at early stage 

of plant life on sunny days. The application of 2,4-D at 

flowering stage oftJl^f^weeds is also significantly important as 

it caused greater loss of seed viability as compared to the 

herbicide application at seedling stage. Any factor, force or 

treatment that adversely affects reproductive parameters becomes 

important in so far as the population growth in successive 

generations is concerned. 

The responses with reference to vegetative growth exhi­

bited by these weeds to light seems to be q\iite adjusted to 

their natural habitats, G, parviflora a weed of cropland and 

disturbed wasteland <acacmc3Jingin nature as subordinate of 
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co-existing G. ciliata which showed luxuriant infestation. 

Besides other factors, a substantial decrease in leaf area 

ratio of G. parviflora due to decrease in light intensity 

explains its feeble growth and greater susceptibility to assaMi 

Mates'' in-' the civsplaM due' to increased plant density during 
second year of study (Chapter III), 

Although both species of Galinsoga produce enormous 

seeds every year, their natural populations do not seem to show 

proportional increase in size, indicating that various abiotic 

and biotic factors of environment operate at different growth 

phases to regulate their population size. The two weeds 

responded to these factors both through mortality and plasticity. 

G. ciliata showed lesser mortality and also absorbs greater 

density and light stress as compared to G, parviflora (Chapter 

V, VI & VIII), while the later, besides showing greater morta­

lity and susceptibility to crowding and light was also prefer­

red more by the herbivores (Chapter VII). Thus, G. parviflora 

population being more susceptible to herbivory and light stress 

and density increase is less successful than G. ciliata as 

indicated in the foregoing paragraphs. However, the competi­

tive s\iperiority of G. ciliata over G. parviflora does not 

effect G. parviflora so adversely as to cause elimination from 

the mixed populations. Obviously, the interacting influence of 

several other factors (including competitive effect of other 

associated plant species on G. ciliata) must be regulating the 

populations of the Galinsoga spp. in a complex manner; 
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The two weeds being the members of plant communities 

growing on highly disturbed wasteland and cropland habitats 

appear to have developed a strategy to cope with the prevailing 

frequent dist\irbances (e.g. road construction in v;asteland and 

weeding and herbicide and fertilizer application in cropland), 

by producing as many as three seedling cohorts in a single year, 

all of which are capable of completing the life cycles success­

fully within a short period if the conditions are favourable, 

The existence of the three cohorts appearing at different times 

of the year also ensures the juccessful perpetration of the 

Galinsoga spp. in the event of unfavourable conditions prevail­

ing over a part of the year. In absence of biotic disturbances, 

as was the case in the permanent quadrats, both weeds exhibited 

poor growth indicating that the populations of the two weeds are 

also characterised by the properties of self regulating systoms 

imposing restrictions on the population growth beyond an optimum 

level, 

Although sufficient information on various aspects of 

population regulation of G, ciliatgi and G. parviflora has been 

provided by the present siodjs, it is felt that studies pertaining 

to population behaviour of the biotypes, of the two weeds, if 

any, in relation to climatic, edaphic and biotic factors, adap­

tive significance of seed polymorphism in population dynamics 

and a detailed study on the dynamics of the seed population in 

soil and identification of the factors affecting the soil seed 

bank might provide more clues with respect to the population 

regulation of these two weeds. 
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The present investigation deals with the dynai.iics and 

regulation of population of the two common annual weeas 

(Galinsoga cilia.ta (Raf.) Blake and G. parviflora Cav,) of 

Meghalaya. An attempt has been made to identify some of the 

major factors which contribute to regulation of their popula­

tion. Both species of Galinsoga are exotic, short-lived herbs 

of family Asteraceae and grow luxuriantly at higher altitudes 

(from 950 to 1750 m) in the hilly areas of the North-Eastern 

region. Besides being the weed of disturbed wastelands, they 

also infest the cropfields and kitchen gardens causing reduc­

tion in productivity of fatll agro-ecosystems. Apart from their 

abundance and economic importance, the two species of Galinsoga 

are also quite interesting from ecological view point. They 

represent sympatric, closely related pair of species with 

synchronous life cycle which is completed within two months. 

Thus, a study on the population dynajnics of the two Galinsoga 

spp. were carried out from April 1980 to December 1981 in field 

situations, and i±he effect of various factors such as associa­

ted vegetation, their own adult plants, predation, seed sowing 

density and pattern,population density and soil texture, soil 

moisture, soil nitrogen and light intensity and 2,4-D applica­

tion on the population behaviour of these weeds was studied. A 

brief summary of the results on the various aspects is given 

below: 

X) Population dynamics of the seedling cohorts as influenced 

by site conditions and date of emergence; 

Seedling emergence, survival and reproduction of the two 
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Galinsoga spp. were studied in permanent quadrats on cropland 

and wasteland sites by following the fate of individuals at 

short and regular intervals. Both the weeds are characterized 

by the presence of the three seedling cohorts emerging in ̂ ril, 

May and August in 1980, and March, April and July, 1981. The 

seedling cohorts exhibited Deev^y's Type II and III survivorship 

curves which were further influenced by site conditions and by 

date of emergence. In 1980, the seedling emergence, survivor­

ship and seed output of the two weeds were greater on the crop­

land site than on wasteland, but in the following year a 

reverse trend was observed. Generally, the late emerging 

cohorts were less successful thajar:ithe earlier emerging ones. 

The increased density of the associates in the cropland 

situation during second year of study caused 15% reduction in 

seed output per plant of G. parviflora while the other weed did 

not show such plasticity. 

ii) Effect of associated vegetation and their established 

cohorts; 

(a) The effect of associated vegetation was evaluated by intro­

ducing the seeds and transplants of the two species in vegeta­

tion-cleared plots and uncleared plots. The results obtained 

suggest that the associated vegetation causes spectacular 

reduction in seed germination and survivorship and gro\rth of the 

seedlings of the two weeds, the effect being more on the 

seedlings than on the transplants. Some of the seedlings of 

£• ciliata could manage to survive over 5 month study period, 

while the growth of the other species was reduced so much that 
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the sTorvlvorsh-lp of its seedlings was nil which indicptes the 

differential susceptibility of the two weeds to resource compe­

tition, 

(b) Allelopathio effect of Eupatorium rjparium : Allelopathic 

effect of Bup,̂ toriu|B ri-pariian Regel, a dominant ruderal weed at 

higher altitudes of Meghalaya was also studied on the population 

of the two Qalinso^a species. Seed germination and further 

growth of seedlings of Galinsoga spp. were suppressed by the 

aqueous extract and leachate of E. ripariim. The suppresaivia 

effect was often correlated with the concentration of the 

extract and leachate. The seed germination and vegetative and 

reproductive growth of the two weeds also declined considerably 

in the experimental pots which were filled with the soil 

either collected from the close vicinity of E, riparium. stands 

or amended with the plant residue of E. rigarium. 

(c) Effect of established cohorts of the Galinso,̂ a spp.: In 

pot culture experiment, the late arriving cohorts of both weeds 

exhibited poor seed germination, survivorship and growth on 

account of competition from their established cohorts. The 

suppressive effect of the established cohorts was a direct 

function of their age. However, the established cohort of 

£• oili§.ta exercised greater suppression than the other species. 

25 days old cohort of G. ciliata caused maximum suppression in 

growth of the late emerging individuals of G, paryiflora. There 

was considerable reduction in biomass, number o]| capitvila and 

seed output of the young cohorts when grown in close proximity 

of their established cohorts, 
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iii) Effect of sowing density, sowing pattern and soil moisture 

and texture; 

The population response of the two Galinsoga spp. was st̂ Jdied in 

relation to sowing pattern (clump or scattered pattern), sowing 

density and soil moisture and texture. In a given sowing 

pattern, seed germination of both species declined with increase 

in sowing density and moisture stress. However, sowing b£. sajfeds 

in clumps and an increased proportion of sand in soil enhanced 

the germination. The weed population rai.sed. from scattered 

pattern of sowing experienced less mortality than those in 

clumped distribution. Plants grown at high moisture level 

matured earlier, and fertility of the survivors was negatively 

correlated with both density and moisture stress in both species 

although G, ciliata was less affected. 

Seed output and dry matter yield per pot of both species 

increased with population density but the increase was not 

linearly related to the increase in plant numbers. However, 

density-induced reduction in seed output was observed at high 

densities. jG. ciliata appears to tolerate greater density-

stress than G. parviflora. A substantial decrease in produc­

tion of capitula, seeds and dry matter at low moisture level 

indicates the role played by soil moisture in regulating the 

population gxjowth of the two weeds. An increased proportion of 

sand in soil resulted into significantly greater seed produc­

tion in G, parviflora. G. ciliata also showed a similar trend 

although the differences were not ̂ statistically significant. 
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iv) Effect of density and soil nitrogen on pure and mixed 

populations of the two weeds: 

The effect of density and soil nitrogen on population regulation 

of Galinsoga spp. was studied in their pure and mixed stands, 

Unlike lower densities, at high densities both weeds exhibited 

some mortality which tended to increase with increase in soil 

nitrogen, G. ciliata BKhibited better survival in mixture than 

in pure, v;hile G. parviflora showed the reverse trend. The dry 

matter yield and seed output under the various treatments 

revealed that G. ciliata is less sensitive to density increase 

than G. parviflora. With increase in population density both 

weeds showed increased skewness in per plant biomass and 

capitula production, but in nitrogen-rich habitats the density 

effect was relatively mild. At lower densities, both weeds 

grew better and produced more seeds in mixture than in pure, 

but at high densities G, ciliata became dominant over 

5* parviflora. The crude reproductive effort was, however, not 

appreciably modified due to soil nitrogen and stand nature, 

The reproductive allocation in G. ciliata increased with density 

increase while in the other species, a drastic reduction in 

reproductive allocation was evident at high densities, 

v) Effect of herbivory on competitive interation and g;rowth 

of the two weeds; 

Effect of natural populations of the slug (Mariaella dussumieri 

Gray) and other herbivores was studied on the pure and mixed 

populations of Galinsoga spp. in field conditions. Predation 
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caused heavy mortality, especially in G, parviflora. Except 

in G. parviflora grown in the mixed population, the two weeds 

produced greater number of leaves under predation pressure but 

the leaf area decreased drastically. G. parviflora was, 

however, more susceptible and the flowering and frxiiting in 

this species was also delayed due to herbivory, Predation 

caused substantial reduction in seed and dry matter production 

of both the weeds, but the effect was more in G, parviflora* 

In both weeds the resource allocation to leaves was reduced 

due to herbivory but the root allocation was reduced only in 

Gr, parviflora. The preferential feeding of G. parviflora 

reduced its Gompetitive fitness in the mixed population. 

vi) Effect of light intensity and 2.4-D; 

The population response of the two species of Galinsoga was 

also studied in relation to light intensity and application of 

2,4-D. Although plant survival and growth of the two weeds 

were adversely affected by reduction in light intensity and . 

increased concentration of 2,4-D, G. ciliata was more suscep­

tible to 2,4-D and G. parviflora to light. G. ciliata exhibi­

ted increase in leaf area ratio under reduced light regime 

while S. parviflora showed drastic reduction. The effect of 

2,4-D was direct function of its concentration, which was 

modified by the light intensity and age of plant at which the 

herbicide was applied. The application of 2,4-D at seedling 

stage under high light regime caused heavy plant mortality and 

growth reduction in both the weeds, while the application of 

2,4-D at flowering stage caused severe seed mortality. 
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The study reveals that various abiotic and biotic 

factors of environment as mentioned above, influence the two 

Galinsoga spp. at different growth phases and the complex 

interaction of these factors regulate the growth and maintenance 

of their populations. Although the two weeds respond to these 

factors both through mortality and plasticity, G. ciliata is 

less susceptible. This might confer an advantage on it in 

competition with G. parviflora in mixed populations in nature, 

Further, the two species being members of the plant communities 

of highly distiirbed habitats like wasteland and cropland, appear 

to have adapted to the prevailing habitat conditions by 

producing enormous seeds every year which ensure their continued 

survival. Besides, the production of as many as threo seedling 

cohorts in a single year by both the weeds may be viewed as 

another strategy to offset the risk they have to face in a 

habitat that is highly disturbed and where they face constant 

threat of removal by weeding and other agricultizral practices. 
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